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(54) Title: ( AZETEDIN- 1 - YLALKYL)LACTAMS AS TACHYKININ ANTAGONISTS 



(57) Abstract 

The present invention provides com- 
pounds of formula (I) and die pharmaceutical! y 
acceptable salts thereof, wherein R is C3-C7 
cycloalkyl, aryl or Q-C6 alkyl, said C.-Q 
alkyl being optionally substituted by fluoro, 
-COOH, -COO(Ci-C 4 alkyl), C3-C7 cycloalkyl, 
adamantyl, aryl or net 1 , and said C3-C7 
cycloalkyl being optionally substituted by 1 
or 2 substituents each independently selected 
from C1-C4 alkyl, C3-C7 cycloalkyl, C1-C4 
alkoxy, hydroxy, fluoro, fluoro(Ci -Chalky 1 
and fluoro(Ci-C4)alkoxy; R l is phenyl, 
naphthyl, thienyl, benzothienyl or indolyl, each 
optionally substituted by 1 or 2 substituents 
each independently selected from C1-C4 
alkyl, C1-C4 alkoxy, halo and trifluoromethyl; 
R 2 is -CO2H. -CONR^R 4 , -CONR 3 (C 3 -C7 
cycloalkyl), -NR 5 (C 2 -C 5 alkanoyl), -NR*R 4 , 
-NR 5 CONR 5 R 6 , (C3-C7 cycloalkyl-Ci-C4 
alkyl)R 5 N-, (C3-C7 cycloalkyl-Ci-O 
alkylhN-, -NR 5 COCF3, -NR 5 S02CF 3 , 
-NR 5 (S02Ci-C4 alkyl), -NR 3 SC>2NR 5 R 6 , 
-NR 5 (S02 aryl), -N(aryl) (SO2C1-C4 alkyl), 
-OR 5 , -CKC3-O7 cycloalkyl), -SOjNR 5 R 6 , 
het 3 or a group of formulas: (a), (b), (c), (d), 
(c). (f), (g) or (h); X is C1-C4 alkylene; X 1 
is a direct link or Ci-Q alkylene; X 2 is a 
direct link, CO, SO2 or NR*CO; and m is 
0, 1 or 2; together with intermediates used 
in the preparation of compositions containing 
and the use as tachykinin antagonists of such 
derivatives. 
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(AZETIDIN-1-YLALKYL) LACTAMS AS TACHYKININ ANTAGONISTS 

5 This invention relates to lactams. More particularly, this invention relates to 

azetidinylalkyllactam derivatives and to processes for the preparation of, 
intermediates used in the preparation of, compositions containing and uses of, 
such derivatives. 

The present azetidinylalkyllactam derivatives are antagonists of tachykinins, 

10 including NKA, NKB and Substance P, acting at the human neurokinin- 1 (NKO, 
neurokinin-2 (NK 2 ) or neurokinin-3 (NKa) receptor, or a combination thereof. The 
derivatives are therefore useful for preventing or treating an inflammatory disease 
such as arthritis, psoriasis, asthma or inflammatory bowel disease, a central 
nervous system (CNS) disorder such as anxiety, depression, dementia or 

15 psychosis, a gastrointestinal (GI) disorder such as functional bowel disease, 
irritable bowel syndrome, gastroesophageal reflux, faecal incontinence, colitis 
or Crohn's disease, an urogenital tract disorder such as incontinence, 
hyperreflexia or cystitis, a pulmonary disorder such as chronic obstructive airways 
disease, an allergy such as eczema, contact dermatitis or rhinitis, a 

20 hypersensitivity disorder such as poison ivy, a vasospastic disease such as 
angina or Reynaud's disease, a fibrosing or collagen disease such as 
scleroderma or eosinophilic fascioliasis, reflux sympathetic dystrophy such as 
shoulder/hand syndrome, an addiction disorder such as alcoholism, a stress- 
related somatic disorder, a peripheral neuropathy such as diabetic neuropathy, 

25 neuralgia, causalgia, painful neuropathy, a burn, herpetic neuralgia or post- 
herpetic neuralgia, a neuropathologies! disorder such as Alzheimer's disease or 
multiple sclerosis, a disorder related to immune enhancement or suppression 
such as systemic lupus erythematosis, a rheumatic disease such as fibrositis or 
emesis, cough, acute or chronic pain or migraine. 

30 The present derivatives are particularly potent and selective antagonists of 

tachykinins, including NKA, NKB and Substance P, acting at the human NK 2 
receptor. They are particularly useful for treating or preventing an inflammatory 
disease such as arthritis, psoriasis, asthma or inflammatory bowel disease, a 
central nervous system (CNS) disorder such as anxiety, depression, dementia or 
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psychosis, a gastro-intestinal (Gl) disorder such as functional bowel disease, 
irritable bowel syndrome, gastroesophageal reflux, faecal incontinence, colitis 
5 or Crohn's disease, an urogenital tract disorder such as incontinence or cystitis, a 
pulmonary disorder such as chronic obstructive airways disease, an allergy such 
as eczema, contact dermatitis or rhinitis, a hypersensitivity disorder such as 
poison ivy, a peripheral neuropathy such as diabetic neuropathy, neuralgia, 
causalgla. painful neuropathy, a bum. herpetic neuralgia or post-herpetic 
10 neuralgia, cough or acute or chronic pain. 

The present invention provides compounds of the formula:- 



15 ^ACH^m 

K. 



(D 



20 

and the pharmaceutical^ acceptable salts thereof, wherein 
R is C3-C7 cycloalkyl, aryl or d-Ce alkyl, said C,-Ce alkyl being optionally 
substituted by f luoro. -COOH, -COO(Ci-C4 alkyl), C3-C7 cycloalkyl, adamantyl, aryl 
or het 1 . and said C3-C7 cycloalkyl being optionally substituted by 1 or 2 

2 5 substituents each independently selected from d-C* alkyl, C3-C7 cycloalkyl, C1-C4 

alkoxy, hydroxy, fluoro, fluoro(Ci-C4)alkyl and fluoro(CrC 4 )alkoxy; 

R 1 is phenyl, naphthyl, thienyl, benzothienyl or indolyl, each optionally substituted • 
by 1 or 2 substituents each independently selected from C1-C4 alkyl, C1-C4 alkoxy, 

3 0 halo and trif luoromethyl; 

R 2 is -COaH. -CONtfR 4 . -CONR s (C 3 -C 7 cycloalkyl), -NR 5 (C2-C 5 alkanoyl), -NR 3 R 4 , 
-NR 5 CONR 5 R 6 , (CrC 7 cycloalkyl-Ci-C 4 alky1)R*N-, (C3-C7 cycloalkyl-C-C* 
alkyl) 2 N-. -NR s COCF 3 , -NR 6 S0 2 CF 3 , -NR 5 (S0 2 Ci-C 4 alkyl), -NR 5 S0 2 NR 5 R 6 . 
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-NR s (S0 2 aryl), -N(aryl)(S0 2 C,-C 4 alkyl), 

-OR 5 , -0(C 3 -C 7 cycloalkyl), -S0 2 NR 5 R 6 , het 3 or a group of the formula:- 

5 




R 3 and R 4 are each independently selected from H and C1-C4 alkyl optionally 
substituted by hydroxy, C,-C 4 alkoxy, -S(0) p (Ci-C 4 alkyl), amino, -NH(C-C 4 alkyl), 
-N(Ci-C 4 alkyl) 2 or het 2 ; 

10 R s and R 6 are each independently selected from H, C,-C 4 alkyl and C3-C7 
cycloalkyl-Ci-C 4 alkyl, said Ci-C 4 alkyl and C3-C7 cycloalkyl-Ci-C 4 alkyl being 
optionally substituted by f luoro; 

R 7 is H, d-C 4 alkyl, hydroxy, fluoro(Ci-C 4 )alkyl or phenyl, said phenyl being 
15 optionally substituted by 1 or 2 substituents each independently selected from Ci- 
C 4 alkyl, fluoro(C,-C 4 )alkyl, halo, C,-C 4 alkoxy and fluoro(Ci-C 4 )alkoxy; 

R 8 is H. fluoro, hydroxy, Ci-C 4 alkoxy, C r C s alkanoyl or (VC5 alkanoyloxy; 



20 R 9 is -NR 5 R 6 , -NR 5 COR 5 , -NR 5 S0 2 CF 3l -NR 5 (S0 2 C,-C 4 alkyl). -NR 5 S02NR 5 R e , 
-NR 5 COO(C,-C 4 alkyl), -NR 5 CONR 5 R 6 , -NR 5 (S0 2 morpholino). -NR 5 (SO z aryl), 
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-N(aryl)(S0 2 Ci-C4 alkyl) or a group of the formula:- 



— NR 9 S02N^CH 2 ) r 



X is C1-C4 alkylene; 

X I is a direct link or Ci-C 6 alkylene; 
10 X 2 is a direct link, CO, S0 2 or NR 5 CO; 



W is methylene, CO, CH(OH), C(OH) 2 , CH(C,-C 4 alkoxy), CHCO2H, CHCOztd-C* 
alkyl), CHCONFfR 6 , CHF, CF 2 , CH(azetidin-l-yl), CH(pyrrolidin-l-yl), 
CH(piperidin-l-yl), CH(morpholino), CH(benzoxazol-2-yl), CHR 9 , 0, S(0) p , NR 6 , 
1 5 N(C 3 -C7 cycloalkyl), NS0 2 (Ci-C 4 alkyl), NS0 2 NR 5 R 6 , NSOsjCFg, NSOjKmorpholino), 
NS0 2 (aryl), 

NSOjN^CH^ , 
2 0 NCONR 6 R 6 . NCOR 5 , NCO(aryl) or NCO^C,^ alkyl); 



W 1 is methylene, CO, CH(OH), C(OH) 2 , CH(d-C 4 alkoxy), CHCOzH, CHCO^Ci- 
C 4 alkyl), CHCONR 6 R 6 , CHF, CF 2 , CH(azetidin-l-yl). CH(pyrrolidin-l-yl), 
CH(piperidin-l-yl), CH(morpholino) or CHR 9 ; 

25 

W 2 is W 1 , -CHaW 1 -, -CHzWCHz- or -CHzCHaWCHa-; 



m is 0, 1 or 2; 



30 n is 1 or 2 when W is other than methylene and is 0, 1 or 2 when W is methylene; 



p is 0, 1 or 2; 



q is 1 or 2; 
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r is 1, 2, 3 or 4; 

5 

"aryl", used in the definition of R, R 2 , R 9 and W, means naphthyl or phenyl, each 
optionally substituted by C t -C 4 alkyl, halo, -OR 5 , fluoro(Ci-C 4 )alkyl, Cz-C s 
alkanoyl, -CONR 5 R 6 , -SOzNR 5 R 6 or phenyl; 

10 "hot 1 ", used in the definition of R, means thienyl or a 5- or 6-membered ring 
heteroaryl group containing either 1 or 2 nitrogen heteroatoms, or one nitrogen 
heteroatom and one oxygen or sulphur heteroatom, each optionally substituted by 
1 or 2 substituents each independently selected from C1-C4 alkyl, C t -C 4 alkoxy, 
halo, fluoro(Ci-C 4 )alkyl and fluoro(Ci-C 4 )alkoxy; 

15 

"het 2 ", used in the definitions of R 3 and R 4 , means a 4- to 7-membered ring, non- 
aromatic, heterocyclic group containing 1 or 2 heteroatoms each independently 
selected from nitrogen, oxygen and S(0) p , said group being optionally 
C-substituted by 1 or 2 substituents each independently selected from Ci-C 4 alkyl, 

2 0 C r C 4 alkoxy and f luoro(Ci-C 4 )alkyl, and said ring nitrogen heteroatom optionally 

bearing a H, C t -C 4 alkyl, C^Cs alkanoyl, -CONR 5 R 6 or-SOaNR^substituent; 

and "het 3 ", used in the definition of R 2 , means an optionally benzo-f used, N-linked, 
5-membered ring heteroaryl group containing from 1 to 4 nitrogen heteroatoms, 
25 optionally substituted, including in the benzo-f used portion, by 1 or 2 substituents 
each independently selected from d-C 4 alkyl, fluoro and fluoro(Ci-C 4 )alkyl. 

In the above definitions, the term "halo" means fluoro, chloro, bromo or iodo 
and alkyl, alkylene and alkoxy groups containing three or more carbon atoms and 

3 0 alkanoyl groups containing four or more carbon atoms can be straight- or 

branched-chain. 
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Preferably, R is C,-C 6 alkyl optionally substituted by -COOH, -COO(Ci-C 4 
alkyl), C3-C7 cycloalkyl, aryl or het 1 . said cycloalkyl being optionally substituted by 
5 1 or 2 substituents each independently selected from C1-C4 alkyl and fluoro. 

More preferably, R is C,-C 8 alkyl optionally substituted by -COOH. -COO(Ci- 
C 4 alkyl), C3-C7 cycloalkyl optionally substituted by 1 or 2 substituents each 
independently selected from C1-C4 alkyl and fluoro, phenyl optionally substituted 
by 1 or 2 substituents each independently selected from C1-C4 alkyl, halo, C1-C4 
10 alkoxy, fluoro(C r C4)alkyl, C2-C 6 alkanoyl, -SCfcfsKC-C* alkyl) 2 and phenyl, or a 5- 
or 6-membered ring heteroaryl group containing 1 or 2 nitrogen heteroatoms. 

Yet more preferably, R is Ci-Ce alkyl optionally substituted by -COOH, 
-COO(C,-C 4 alkyl), C3-C7 cycloalkyl optionally substituted by 1 or 2 substituents 
each independently selected from methyl and fluoro, phenyl optionally substituted 
15 by 1 or 2 substituents each independently selected from methyl, fluoro. chloro, 
methoxy, trifluoromethyl, acetyl, -SO^CHOz and phenyl, or pyridinyl. 

Yet further preferably. R is 5-carboxypentyl, 5-tert-butyloxycarbonylpentyl. 
cyclopropylmethyl, dicyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl. 
cyclohexylmethyl. 2-methylcyclohexylmethyl. 4.4-dif luorocyclohexylmethyl. 2- 
2 0 cyclopropylethyl. 2,2-dicyclopropylethyl, 1-cyclohexylethyl. 2-cyclohexylethyl. 
cycloheptylmethyl. benzyl. 2-methylbenzyl. 3-methylbenzyl, 4-methylbenzyl, 4- 
fluorobenzyl, 2,4-dichlorobenzyl. 3-methoxybenzyl, 2-trH luoromethylbenzyl, 3,5- 
di(trifluoromethyl)benzyl. 3-acetylbenzyl. 3-(N,N-dimethylsulphamoyl)benzyl, 4- 
phenylbenzyl, 1-phenylethyl, 2-pyridinylmethyl, 3-pyridinylmethyl or 4- 

25 pyridinylmethyl. 

Most preferably, R is cyclopropylmethyl, dicyclopropylmethyl. 2- 
cyclopropylethyl, 2,2-dicyclopropylethyl. cyclohexylmethyl, 4.4- 
difluorocyclohexylmethyl, cycloheptylmethyl or benzyl. 



30 



Preferably, R 1 is phenyl optionally substituted by 1 or 2 halo substituents. 
More preferably, R 1 is phenyl optionally substituted by 1 or 2 substituents 
each independently selected from fluoro and chloro. 



WO 96/05193 



PCT/EP95/03054 



7 



Yet more preferably, R 1 is phenyl, 3,4-difluorophenyl, 3-chlorophenyl, 4- 
chlorophenyl or 3,4-dichlorophenyl. 



dichlorophenyl. 

Preferably, R 2 is -CONR 3 R 4 . -CONR s (C3-C 7 cycloalkyl), -NR 3 R 4 , het 3 or a 
group of the formula:- 



10 

where R 3 and R 4 are each independently selected from C1-C4 alkyl and Ci-C 4 alkyl 
substituted by hydroxy or Ci-C 4 alkoxy, R s and R e are each independently 
selected from H, d-C 4 alkyl optionally substituted by fluoro and C3-C7 cycloalkyl- 
C1-C4 alkyl, R 7 is H, hydroxy or phenyl, R 8 is hydroxy or C2-C5 alkanoyloxy, W is 

1 5 methylene, CH(OH), CH(Ci-C 4 alkoxy), CHCCfeH, CHCO z (C,-C 4 alkyl), 
CH(benzoxazol-2-yl). CHNR 5 R 6 , CHNR^OR 5 , CHNR s (S0 2 C,-C 4 alkyl). 
CHNR 5 COO(d-C 4 alkyl), O, S(0) p , NR 6 , NSO z (C,-C 4 alkyl), NSOgNF^R 6 , 
NSOztmorpholino), NCONR 5 R e , NCOR 5 , NCO(aryl) or NCC>2(Ci-C 4 alkyl), n is 1 or 
2 when W is other than methylene and is 0 or 1 when W is methylene, and p is 

20 0,1 or 2. 



5 



Most preferably, R 1 is 3,4-difluorophenyl, 4-chlorophenyl or 3,4- 




R 
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More preferably, R 2 is -CONR 3 R 4 , -CONR 5 (C3-C 7 cycloalkyl). -NR 3 R 4 . a N- 
linked. 5-membered ring heteroaryl group containing 1 or 2 nitrogen heteroatoms. 
5 or a group of the formula:- 



where R 3 and R 4 are each independently selected from methyl and C1-C4 alkyl 
substituted by hydroxy or methoxy, R 5 and R 6 are each independently selected 

10 from H, methyl, trifluoromethyl and cyclopropylmethyl, R 7 is H. hydroxy or phenyl, 
R 8 is hydroxy or acetyloxy, W is methylene, CH(OH). CHOCH 3 , CHOCHaCHa, 
CHCKCHsOaCHa, CHOC(CH 3 ) 3 . CHCO2H, CHCOaCHa. CHCOaCHaCHs. 
CH(benzoxazol-2-yl), CHNH 2 , CHNHCH 2 (cyclopropyl). CHNHCOCHa. 
CHNHSOaCHa, CHNHCOzCfChfe)* O. S(0) P , NH, NCH 3 , NCH 2 (cyclopropyl). 

15 NS02CH 3 , NSO2NH2, NSOzNHCHa, NS0 2 N(CH 3 ) 2 , NSCMmorpholino). NCONH 2 , 
NCONHCH 3 . NCOCHa. NCOCF 3 . NCO(phenyl) or NCOaCfCHa):,, n Is 1 or 2 when 
W is other than methylene and is 0 or 1 when W is methylene, and p Is 0, 1 or 2. 

Yet more preferably, R 2 is N-(2-methoxyethyl)-N-methylcarbamoyl, N- 
20 cyclohexylcarbamoyl. N-(2-hydroxyethyl)-N-methylamino. N-(2-hydroxy-2- 

methylpropyl)-N-methylamino, N-(2-methoxyethyl)-N-methylamino, imidazol-1-yl, 
3-hydroxypyrrolidin-1-yl, piperidin-1-yl, 2,6-dimethylpiperidin-1-yl, 3- 
hydroxypiperidin-1-yl, 4-hydroxypiperidin-1-yl, 4-methoxypiperidin-1-yl, 4- 
ethoxypiperidin-1-yl, 4-(n-propoxy)piperidin-1-yl, 4-(t-butoxy)piperidin-1-yl, 4- 
2 5 carboxypiperidin-1 -yl, 4-methoxycarbonylpiperidin-1 -yl, 4-ethoxycarbonylpiperidin- 
1-yl, 4-(benzoxazol-2-yl)piperidin-1-yl, 4-aminopiperidin-1-yl, 4-cyclopropyl- 
methylaminopiperidin-1 -yl, 4-acetamidopiperidin-1 -yl, 4-methanesulphonamido- 
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piperidin-1-yl, 4-(t-butoxycarbonylamino)piperidin-1-yl, morpholino, 2- 
phenylmorpholino, homomorpholino, thiomorpholino, 1-oxothiomorpholino, 1,1- 
5 dioxothiomorpholino, piperazin-1-yl, 4-methylpiperazin-1-yl, 4-cyclopropylmethyl - 
piperazin- 1 -yl, 4-methanesulphonylpiperazin- 1 -yl, 4-am inosulphonylpiperazin- 1 - 
yl, 4-methylaminosulphonylpiperazin-1-yl, 4-dimethylaminosulphonylpiperazin-1- 
yl, 4-morpholinosulphonylpiperazin-1-yl, 4-carbamoylpiperazin-1-yl, 4-N- 
methytcarbamoylpiperazin-1 -yl, 4-acetylpiperaz»n-1 -yl, 4-trif luoroacetylpiperazin- 
10 1-yl, 4-benzoylpiperazin-1-yl, 4-(t-butoxycarbonyl)piperazin-1-yl, pyrrolidin-1- 
ylcarbonyl, piperidin-1-ylcarbonyl, 3-oxomorpholino, 3-hydroxy-8- 
azabicyclo[3,2,1]oct-8-yl or 3-acetyloxy-8-azabicyclo[3,2,1]oct-8-yl. 

Most preferably, R 2 is 4-amlnopiperidln-1-yl, 4-carboxypiperidin-1-yl, 4- 
15 hydroxypiperidin-1-yl, morpholino, 1-oxothiomorpholino, 4- 

aminosulphonylpiperazin-1-yl, 4-methanesulphonylpiperazin-1-yl, 4- 
methy laminosulphony lpiperazin-1 -yl or 4-morpholinosulphonylpiperazin-1 -yl. 

Further preferred examples of R 2 include 4-fluoropiperidin-1-yl, 4,4- 
dif luoropiperidin-1 -yl, 4-oxopiperidin-l -yl, 4-(pentaf luorophenylsulphonyl)- 
2 0 piperazin-1 -yl and 4-(4-fluorophenylsulphonyl)piperazin-1 -yl. 

Preferably, X is ethylene or propylene. 
Most preferably, X is ethylene. 

25 Preferably, X 1 is a direct link. 

Preferably, X 2 is a direct link or CO. 
Most preferably, X 2 is a direct link. 

30 Preferably, m is 1. 

The pharmaceutically acceptable salts of the compounds of the formula (I) 
include the acid addition and the base salts thereof. 
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Suitable acid addition salts are formed from acids which form non-toxic salts 
and examples are the hydrochloride, hydrobromide, hydroiodide, sulphate, 
5 hydrogen sulphate, nitrate, phosphate, hydrogen phosphate, acetate, maleate, 
fumarate, lactate, tartrate, citrate, gluconate, succinate, benzoate, 
methanesulphonate, benzenesulphonate and 2-toluenesulphonate salts. 

Suitable base salts are formed from bases which form non-toxic salts and 
examples are the aluminium, calcium, lithium, magnesium, potassium, sodium. 
10 zinc and diethanolamine salts. 

For a review on suitable salts see Berge slal, J. Pharm. Sci., fig, 1-19 

(1977). 

A compound of the formula (I) may contain one or more asymmetric carbon 
atoms and may therefore exist in two or more stereoisomers forms. The present 
15 invention includes the individual stereoisomers of the compounds of the formula 
(I) and mixtures thereof. 

Separation of diastereoisomers may be achieved by conventional 
techniques, e.g. by fractional crystallisation, chromatography or H.P.L.C. of a 
stereoisomer^ mixture of a compound of the formula (I) or a suitable salt or 
2 o derivative thereof. An individual enantiomer of a compound of the formula (I) may 
also be prepared from a corresponding optically pure intermediate or by 
resolution, such as by H.P.LC. of the corresponding racemate using a suitable 
chiral support or by fractional crystallisation of the diastereoisomeric salts formed 
by reaction of the corresponding racemate with a suitable optically active acid or 
25 base. 



The preferred compounds of the formula (I) and salts thereof where X is 
-CH2CH2- have the (S)-stereochemistry at the position of attachment of the X and 
R 1 groups to the lactam ring. 
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Preferred examples of a compound of the formula (I) are those wherein: 

5 (i) R is cyclopropylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is morpholino, X is 
-CH2CH2-, X 1 is a direct link and m is 1; 

(ii) R is 4,4-difluorocyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is morpholino, 
X is -CHaCHa-, X 1 is a direct link and m is 1; 

10 

(Hi) R is 4,4-difluorocyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
aminopiperidin-1-yl, X is -CHaCHa-, X 1 is a direct link and m is 1; 

(iv) R is cyclopropylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 

15 aminosulphonylpiperazin-1-yl, X is -CHaCHa-, X 1 is a direct link and m is 1 ; 

(v) R is 4,4-difluorocyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
hydroxypiperidin-1-yl, X is -CHaCHa-, X 1 is a direct link and m is 1 ; 

2 0 (vi) R is 2-cyclopropylethyl, R 1 Is 3,4-dichlorophenyl, R 2 is morpholino, X is 

-CH2CH2-, X 1 is a direct link and m is 1 ; 

(vii) R is 2-cyclopropylethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
methanesulphonylpiperazin-1-yl, X is -CH 2 CHa-, X 1 is a direct link and m is 1; 

25 

(viii) R is cyclopropylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4-fluoropiperldin-1-yl. 
X is -CHaCHa-, X 1 is a direct link and m is 1; 

(ix) R is 4,4-difluorocyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 

3 0 oxopiperidin-1-yl, X is -CHaCHa-, X 1 is a direct link and m is 1 ; 

(x) R is cyclopropylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4-carboxypiperidin-1- 
yl, X is -CH2CH2-, X 1 is a direct link and m is 1 ; or 
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(xi) R is cyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4-carboxypiperidin-1-yl. 
X is -CH2CH2-, X 1 is a direct link and m is 1 : 

5 

or any such compound with the (S)-stereochemistry at the position of attachment 
of the X and R 1 groups to the lactam ring, or a pharmaceutical^ acceptable salt of 
any thereof. 

10 The compounds of the formula (I) provided by the invention can be prepared 

by the following methods:- 

1 ) The compounds of the formula (I) where X is (C 0 -C 3 alkyleneJCHsr, the 
methylene group of which is attached to the azetidine nitrogen atom, and R, R 1 . 
15 R 2 , X 1 and m are as previously defined for a compound of the formula (I) can be 
prepared by reductive amination using as starting materials a compound of the 
formula:- 

.(C0-C3 alkylene)CHO 



II 

^^N^CHjJn, (ID 



where R, R 1 and m are as previously defined for a compound of the formula 
(I), and a compound of the formula:- 




(m) 



, or an acid addition salt thereof, where R 2 and X 1 are as previously 
defined for a compound of the formula (I). The reaction is preferably 
carried out in the presence of a suitable acid. e.g. acetic acid. 
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The reaction proceeds via the initial formation of an intermediate iminium 
salt of the formula: 

5 



which may stable and isolatable. The reaction is preferably carried out without 
isolation of the intermediate of the formula (IHA) in which case it is reduced in siiu 
to provide a compound of formula (I). 



azetidine of the formula (III) in a suitable solvent, e.g. tetrahydrof uran, and the 
mixture then treated with a suitable reducing agent, e.g. sodium 
triacetoxyborohydride or sodium cyanoborohydride, in the presence of a suitable 
acid, e.g. acetic acid, to give the required product. If an acid addition salt of an 
2 o azetidine of the formula (III) is used as a starting material, a suitable acid 

acceptor, e.g. triethylamine, can be added prior to the addition of the reducing 
agent. 

The reaction is typically carried out at room temperature. 

25 The starting aldehydes of the formula (II) can be prepared by the method 
shown in the Scheme I:- 




10 



(HIA) 



In a typical procedure, an aldehyde of the formula (II) is first reacted with an 
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1) Base 
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{CqCj alkyIcDe)CHO 



(XI) 
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where R, R 1 and m are as previously defined for a compound of the formula 
(I) and Z, Z 1 and Z 2 are each a suitable leaving group, e.g. chloro, bromo, 
iodo, methanesulphonyloxy, p-toluenesulphonyloxy or 
trifluoromethylsulphonyloxy. 

In a typical procedure, an arylmethylnitrile of the formula (IV) is first 
deprotonated using a suitable base, e.g. sodium hydride, and then alkylated 
in situ with an alkylating agent of the formula (V) where Z is preferably 
bromo. The reaction is typically carried out in a suitable solvent, e.g. 
tetrahydrofuran, at about 0°C for the deprotonation and at about room 
temperature for the alkylation. The reaction can also be carried out under 
phase transfer conditions using a suitable base, e.g. sodium hydroxide, a 
suitable phase transfer catalyst, e.g. tetra-n-butylammonium chloride, and a 
suitable solvent, e.g. cyclohexane, n-pentane or toluene. 

The acetonitrile derivative of the formula (VI) that is produced is then 
first deprotonated using a suitable base, e.g. lithium diisopropylamide, and 
then alkylated in situ with a compound of the formula (VII) where Z 1 is 
preferably bromo. The reaction is typically carried out in a suitable solvent, 
e.g. tetrahydrofuran, at about -70°C, warming to about room temperature to 
complete the reaction. Tetra-n-butylammonium iodide can optionally be 
added following addition of the compound of the formula (VII) to increase the 
rate of reaction. 

The compound of the formula (VIII) prepared is then reduced and 
cyciised to a lactam of the formula (IX) under suitable conditions, e.g. using 
Raney nickel under an atmosphere of hydrogen at atmospheric pressure and 
room temperature using ammoniacal ethanol as the solvent. 

The lactam of the formula (IX) is then first deprotonated using a 
suitable base, e.g. sodium hydride, and then alkylated in situ with a 
compound of the formula RZ 2 where Z 2 is preferably bromo, 
methanesulphonyloxy or p-toluenesulphonyloxy. The reaction is typically 
carried out in a suitable solvent, e.g. dimethylformamide, and at about room 
temperature. 
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The lactam of the formula (X) produced Is then treated with a 
saturated solution of hydrogen chloride in a suitable C,-C, alcohol, e.g. 
methanol, at about room temperature to remove the tetrahydropyran 
protecting group. The deprotection can also be carried out using a suitable 
ion exchange resin, e.g. Amberlyst 15 (trade mark), and in a suitable 
solvent, e.g. methanol. 



10 



15 



The alcohol of the formula (XI) prepared is oxidised to an aldehyde of 
the formula (II) under suitable conditions, e.g. under Swern oxidation 
conditions (oxalyl chloride, dimethylsulphoxide, triethylamine, and using 
dichloromethane as the solvent). 

The starting azetidines of the formula (III) may be prepared by 
conventional methods. 



2) The compounds of the formula (I) where X, X 1 , R, R\ r 2 and m are 
as previously defined for a compound of the formula (I) except those 
compounds where R is trtfluoromethyl, -CF 2 (C,-Cs alkyl optionally 
substituted by fluoro) or aryl, can be prepared by alkylation of a N- 
2 0 deprotonated form of a compound of the f ormula:- 



25 



O 



(xn) 
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where X, X 1 , R\ R 2 and m are as previously defined for a compound of the 
formula (I), with a compound of the formula:- 

RZ 2 

5 

where R is as previously defined for this method and Z 2 is a suitable leaving 
group, e.g. chloro, bromo, iodo, methanesulphonyloxy 
p-toluenesulphonyloxy or trifluoromethylsulphonyloxy. 

10 

In a typical procedure, a compound of the formula (XII) is first 
deprotonated with a suitable base, e.g. sodium hydride, and then alkylated in 
situ with a compound of the formula RZ 2 where Z 2 is preferably chloro, 
bromo or methanesulphonyloxy. The reaction is typically carried out in a 
15 suitable solvent, e.g. dimethylformamide, at from room temperature to 50°C. 

Alternatively, the reaction can be carried out by reacting the starting 
materials of the formulae (XII) and RZ 2 together in the presence of a suitable 
base, e.g. potassium hydroxide, and in a suitable solvent, e.g. 
dimethylsulphoxide, at about room temperature. If a compound of the 
20 formula RZ 2 where Z 2 is chloro is used, potassium iodide may also be added 

to increase the rate of reaction. 

The starting materials of the formula (XII) can be prepared by 
conventional methods such as by adaptation of the preparation described in 
Method (1) and Scheme I (i.e. by omission of the N-alkylation step to form 
25 compounds of the formula (X)). 

The starting compounds of the formula RZ 2 can be prepared by 
conventional methods. 
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3) All the compounds of the formula (I) where X, X 1 . R. R\ R 2 and 
are as previously defined for a compound of the formula (I) can be 
prepared by reaction of a compound of the formula:- 



where X, R, R 1 and m are as previously defined for a compound of the formula (I) 
and Z 3 is a suitable leaving group, e.g. chloro, bromo, iodo, methanesulphonyloxy, 
trifluoromethanesulphonyloxy or p-toluenesulphonyloxy, with a compound of the 
formula:- 



where R 2 is as previously defined for a compound of the formula (I). 

In a typical procedure, a compound of the formula (XIII), where Z 3 is 
preferably methanesulphonyloxy, is reacted with a compound of the formula 
(III) in the presence of a suitable acid acceptor, e.g. triethylamine or 
potassium carbonate or a combination thereof, in a suitable solvent, e.g. 
acetonitrile, and at about the reflux temperature thereof. 

The compound of the formula (III) can be prepared in sitn from an 
acid addition salt thereof by using a molar excess of the acid acceptor. 

The starting materials of the formula (XIII) may be prepared by 
conventional methods such as by hydroxy functional group transformation of 
alcohols of the formula (XI), e.g. where Z 3 is methanesulphonyloxy, by 
reaction of an alcohol of the formula (XI) with methanesulphonyl chloride in 
the presence of a suitable acid acceptor such as triethylamine. 





(HQ 
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4) The compounds of the formula (I) where R 1 is phenyl and X, X 1 , R, R 2 and m 
are as previously defined for a compound of the formula (I) can be prepared by 

5 hydrogenolysis of a compound of the formula (I) where R 1 is phenyl substituted by 
chloro, bromo or iodo and X, X 1 , R, R 2 and m are as previously defined for a 
compound of the formula (I). 

In a typical procedure the hydrogenolysis is carried out in ammoniacal 
10 ethanol using a suitable catalyst, e.g. Raney nickel or, preferably, palladium-on- 
carbon, at about 50°C and under an atmosphere of hydrogen at about 345kPa (50 
psi). 

5) The compounds of the formula (I) where R 2 is a group of the formula:- 
15 -NHR 4 , (CVCr cycloalkyl-d-C* alkyl)HN-, 



V-< Va 

J (CH^ X / 



R 9 is -NHR 5 . W is NH or CHNHR 5 . W 1 is CHNHR 5 , W 2 is W 1 , -CH 2 W 1 -, 
2 0 -CH2WCH2- or -CHzCHzWCHsr, and X, X 1 , X 2 , R, R\ R 5 , R 6 , R 7 , m and n are as 
previously defined for a compound of the formula (I), can be prepared by 
deprotection of a compound of the formula:- 
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5 




(XIV) 



10 

where R 10 is a group of the formula: 
-N^R 4 , (Cg-Cr cycloalkyl-C,-C 4 alkylJZV, 




15 . respectively, R 8 * is -N2*R 6 , W* is NZ 4 or CHNZ'R 5 , W 1A is CHN^R 5 , is W 1A , 
-CH 2 W 1 \ -CH^H*- or -CHaCH^CH^. X. X 1 , X 2 , R, R\ R 4 R 5 , R«, r', m ^ 
n are as previously defined for a compound of the formula (I) and Z 4 is a suitable 
protecting group, e.g. t-butoxycarbonyl (e.g. a compound of the formula (I) where 
W is NC0 2 C(CH 3 ) 3 or R 9 is -NR^OCfCHafe) or benzyloxycarbonyl. 

20 

Suitable protecting groups that may be used in this Method, together with 
methods for deprotection, are well known to the skilled person, e.g. see Greene ©J 
aj, "Protective Groups in Organic Synthesis", Second Edition, 1991, Wiley- 
Interscience. 
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In a typical procedure where Z* is t-butoxycarbonyl, the deprotection can be 
carried out using trifluoroacetic acid in a suitable solvent, e.g. dichloromethane, at 
5 room temperature. 

The starting materials of the formula (XIV) can be prepared by conventional 
methods such as by appropriate adaptation of the Methods described herein for 
preparing the compounds of the formula (I). 



10 



6) The compounds of the formula (I) where R 2 is a group of the formula:- 



— X 2 — N jS(0) p , — N S(0)p or — NR^N^Nv 2 » 
R* 

where p is 1 or 2, W 2 is -CHaStOJpCHz- or -CH2CH 2 S(0) P CH2- and X, X 1 , X 2 , R. R\ 
R 5 , R 6 , R 7 , m and n are as previously defined for a compound of the formula (I) 
15 can be prepared by oxidation of a compound of the formula (I) where R 2 is a group 
of the formula:- 
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, as appropriate, wherein W 2 is -CH 2 (S or SO)CHz- or -CH 2 CH 2 (S or SO)CHsr, and 
X, X\ X 8 , R, R 1 , R 5 , R 6 , R 7 , m and n are as previously defined for a compound of 
5 the formula (I). The oxidation is carried out with at least one molar equivalent of a 
suitable oxidising agent when converting a sulphoxide to a sulphone, at least two 
molar equivalents of a suitable oxidising agent when converting a sulphide to a 
sulphone and substantially one molar equivalent of a suitable oxidising agent for 
the conversion of a sulphide to a sulphoxide. 

10 

Suitable oxidising agents and conditions for this purpose are aqueous 
hydrogen peroxide solution under basic conditions (e.g. in the presence of 
potassium carbonate, acetonitrile and using methanol as the solvent) or m- 
chloroperbenzoic acid in a suitable solvent, e.g. dichloromethane. 

15 

7) The compounds of the formula (I) where R 2 is a group of the formula:- 

2 o and X, X 1 , R, R 1 and m are as previously defined for a compound of the formula 
(I), can be prepared by deprotection of a compound of the formula:- 



25 



jxpO-*'©-"' 



(XV) 



3 0 where Z 5 is a suitable protecting group, e.g. acetyl (i.e. a compound of the formula 
(I) where R 8 is acetyloxy) or tetrahydropyran-2-yl, and X, X 1 , R, R 1 and m are as 
previously defined for a compound of the formula (I). 
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Suitable protecting groups that may be used for this Method, together with 
methods for deprotection, are well known to the skilled person, e.g. see Greene ej 
5 aj, "Protective Groups in Organic Synthesis", Second Edition, 1991, Wiley- 
Interscience. 

In a typical procedure where Z 5 is acetyl the deprotection can be carried out 
using an aqueous alcoholic solution of a suitable strong base, e.g. sodium 
10 hydroxide. The reaction is typically carried out in aqueous methanol at about 
room temperature. 

The starting materials of the formula (XV) can be prepared by conventional 
methods such as by adaptation of the Methods described herein for preparing the 
15 compounds of the formula (I). 

8) The compounds of the formula (I) where X, X 1 , R, R 1 , R 2 and m are as 
previously defined for a compound of the formula (I) except those where R 2 is 
-CQzH. R is CrC 6 alkyl substituted by -COOH, W is CH0O 2 H or W 1 is CHCCWH, 
20 can be prepared by intramolecular dehydration of a compound of the formula:- 




NH (CH^COjH 



25 



R 



(XVI) 



30 where X, X 1 , R, R\ R 2 and m are as previously defined for this Method. 



WO 96/05193 PCT/EP95/03054 

25 

In a typical procedure, the dehydration is carried out under Dean-Stark 
conditions in a suitable solvent, e.g. toluene, and in the presence of a suitable 
5 acid, e.g. p-toluenesulphonic acid. Alternatively, the dehydration can be carried 
out by stirring a solution of a compound of the formula (XVI) in a suitable solvent, 
e.g. dichloromethane, in the presence of silica gel. 

The starting materials of the formula (XVI) can be prepared by conventional 
methods. 



10 



15 



20 



9) The compounds of the formula (I) where X, X 1 , R, R\ R 2 and m are as 
previously defined for a compound of the formula (I) except those where R 2 is 
-CO s H, R is Ci-Ce alkyl substituted by -COOH, W is CHC0 2 H or W 1 is CHCO a H, 
can be prepared by cyclisation of a compound of the formula:- 

^NH (CH^COZ? 

R 

(xvn) 



where X, X\ R, R\ R 2 and m are as previously defined for this Method and Z 6 is a 
suitable leaving group, e.g. C1-C4 alkoxy, benzyloxy, imidazol-1-yl or benzotriazol- 
25 1-yloxy. 

In typical procedures: 

(i) where Z 6 is C1-C4 alkoxy or benzyloxy, a solution of a compound of the 
formula (XVII) in a suitable solvent, e.g. methanol or ethanol, is heated 
at about the reflux temperature of the solvent; 
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10 



15 



(ii) where Z 6 is imidazol-1-yl, a compound of the formula (XVII) Is derived 
by reacting a compound of the formula (XVI) with 1 ,1'-carbonyl- 
diimidazole in a suitable solvent, e.g. dichloromethane, and In situ 
cycltsation of the intermediate imidazolide provides the required 
product; and 

(iii) where Z 6 is benzotriazol-1-yloxy, a compound of the formula (XVII) is 
derived in situ by reacting a compound of the formula (XVI) with 1- 
hydroxybenzotriazole in the presence of a suitable dehydrating agent, 
e.g. 1,3-dicyclohexylcarbodiimide, and in a suitable solvent, e.g. 
dichloromethane, and in situ cyclisation provides the required product. 

The starting materials of the formula (XVII) can be prepared by conventional 
methods such as from a compound of the formula (XVI), examples of which are 
described above. 

10) The compounds of the formula (I) where X 1 is a direct link and R 2 is -NF^R 4 , 
(C3-C 7 cycloalkyl-Ci-C4alkyl)R 5 N-, (C3-C7cycloalkyl-CrC4alkyl)2N-, or is a group 
of the formula:- 




R 





or 
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and X, W, W 1 , R, R\ R 3 , R 4 , R 5 , R 6 , R 7 f R e , R 9 f m and n are as previously defined 
for a compound of the formula (I), can be prepared by reaction of a compound of 
5 the formula:- 



-<>-*' 



io v 

(xvm) 



15 where X, R, R 1 and m are as previously defined for a compound of the formula (I) 
and Z 7 is a suitable leaving group, e.g. methanesulphonyloxy or p-toluene- 
sulphonyloxy, with a compound of the formula: 



20 



HNR^ 4 , (C3-C7Cycloalkyl-Ci-C 4 alkyl)R 6 NH, (C3-C 7 cycloalkyl-Ci-C 4 alkyl)2NH, 



R 5 v R 7 



HN W HN (W 1 or CH 2 W l ) 

j>— (CH^ 



HN^I>-R 9 or HN^>--(R 8 orR 9 ) 

, respectively, where W, W\ R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and n are as previously 
defined for a compound of the formula (I). 
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In a typical procedure, the reaction is carried out using an excess of the 
amine and in a suitable solvent, e.g. acetonitrile or dichloromethane, and at the 
5 reflux temperature of the solvent. Alternatively, a further suitable acid acceptor, 
e.g. potassium carbonate, can be added to the reaction mixture. 

The starting amines can be prepared by conventional methods. 

The starting materials of the formula (XVIII) can also be prepared by 
10 conventional methods such as by reductive amination using as starting materials 
a compound of the formula (II) and ammonia to prepare the corresponding primary 
amine, reaction of the amine with epichlorohydrin or 1,3-dichloropropan-2-ol to 
prepare the corresponding azetidin-3-ol derivative, followed by hydroxy functional 
group interconversion to provide a compound of the formula (XVIII). 

15 

1 1 ) The compounds of the formula (I) where X, X\ R, R 1 , R 2 and m are as 
previously defined for Method (10) can be prepared by reductive amination using 
as starting materials a compound of the formula:- 



20 




O 



(XDQ 



25 
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where X, R, R 1 and m are as previously defined for a compound of the formula (I), 
and a compound of the formula:- 
5 HNR 3 R 4 , (C3-C7 cycloalky!-Ci-C 4 alkyl)R 5 NH, (C3-C7 cycloalkyl-C r C 4 alkyl) 2 NH, 



HN JV , HN (W 1 or CHjW 1 ) 

J— (CH^ 



HN^[>— R 9 or HN^^— (R 8 orR*) 

, as appropriate, or an acid addition salt thereof, where W, W\ R 3 , R 4 , R 5 , R 6 , R 7 , 
10 R 8 , R B and n are as previously defined for a compound of the formula (I). The 
reaction is preferably carried out in the presence of a suitable acid, e.g. acetic 
acid. 

A typical procedure that can be followed is described in Method (1). 

If a primary amine is used, the reaction proceeds yja an imine intermediate. 

15 If a secondary amine is used, the reaction proceeds yja an intermediate iminium 
salt (cf. a compound of the formula (IIIA)). Both the imine and iminium salts may 
be stable and isolatable. The reaction is preferably carried out without isolation of 
the imine or iminium salt intermediate in which case it is reduced in situ to provide 
a compound of the formula (I). 

2 o The starting materials of the formula (XIX) can be prepared by oxidation of 

the corresponding azetidin-3-ol derivatives (preparation described in the 
preparation of the starting materials for Method (10)) under conventional 
conditions, e.g. using pyridinium chlorochromate or tetrapropylammonium 
perruthenate as the oxidising agent. 
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12) The compounds of the formula (I) where R 2 is morpholino and X, X\ R, R 1 
and m are as previously defined for a compound of the formula (I), can be 
5 prepared by reaction of a compound of the formula (I) where R 2 is -NH 2 and X, X 1 , 
R, R 1 and m are as previously defined for a compound of the formula (I), with 
bis(2-chloroethyl) ether. 

In a typical procedure, a compound of the formula (I) where R 2 is -NH 2 is 
10 reacted with bis(2-chloroethyl) ether in the presence of a suitable acid acceptor, 
e.g. triethylamine, and in a suitable solvent, e.g. dichloromethane. 



Certain of the starting amine derivatives, i.e. 3-aminoazetidine derivatives, 
can be prepared by reacting a compound of the formula (XVIII) where Z 7 is a 
15 suitable leaving group, e.g., methanesulphonyloxy, with a suitable azide, e.g. 

sodium azide or trimethylsilyl azide, to provide the corresponding 3-azidoazetidine 
derivative, followed by reduction thereof, e.g. using sodium borohydride, to 
provide the required 3-aminoazetidine derivative (see also Method (10)). 

20 13) The compounds of the formula (I) where X, X 1 , R, R\ R 2 and m are as 
previously defined for a compound of the formula (I) except those where R 2 is 
-C0 2 H, R is Ci-Ce alkyl substituted by -COOH, W is CHC0 2 H or W 1 is CHC0 2 H, 
can be prepared by reductive cyclisation of a compound of the formula:- 



25 



-N (CH^mCOzR 11 



30 



(XX) 
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where X, X\ R, R\ R 2 and m are as previously defined for this Method and R 11 is 
a suitable ester-forming group, e.g. C,-C 4 alkyl, preferably methyl or ethyl, or 
5 benzyl. 

In a typical procedure, a compound of the formula (XX) is first generated in 
Siiy by reacting a compound of the formula:- 

10 ^X-N_> X'-R 2 



Ncr^| 



(CH^COzR 11 



(XXI) 

15 

where X, X 1 , R 1 , R 2 , R 11 and m are as previously defined for a compound of the 
formula (XX), with a compound of the formula RNH 2 where R is as previously 
defined for this Method and then the reductive cyclisation is facilitated by the 
presence of a suitable reducing agent, e.g. Raney nickel. The reaction is carried 
20 out in a suitable solvent, e.g. methanol or ethanol, and under an atmosphere of 
hydrogen. 



25 



The starting materials of the formula (XXI) can be prepared by conventional 
methods. 
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14) Certain compounds of the formula (I) can be prepared by derivatisation of 
certain amines of the formula (I). For example, a compound of the formula (I) 
5 wherein R 2 is 



-X— N yV , — Yf t — NR^C^N^W* 



— N^CW 1 orCHjW 1 ) , — N^J>— R* or — y— R 9 

wherein W is NH or CHNHR 5 , W 1 is CHNHR 5 , W 2 is W 1 . -CH 2 W 1 -, -CH2WCH2- or 
-CH2CH2WCH2-, or R 9 is -NHR 5 and X. X 1 , X 2 , R, R 1 . R 5 . R 8 . R 7 , m and n are as 
1 0 previously defined for a compound of the formula (I), may be converted to 

(a) a compound of the formula (I) wherein W is NR 5 or CHNR 6 R 6 , W 1 is 

CHNR 5 R 6 or R 9 is -NHR 6 , or an acid addition salt thereof, as appropriate, 
wherein R 5 and R 6 are as previously defined for a compound of the formula 
15 (I) with the provisos that R 6 is not H and it has a methylene group bonded to 

the nitrogen atom, by reductive amination with an aldehyde of the formula 
(C,-C 3 alkyl)CHO or (C3-C7 cycloalkyl-Ci-Ca alkyl)CHO, said Ci-C 3 alkyl and 
C3-C7 cycloalkyl-Ct-Ca alkyl being optionally substituted by fluoro. 

2 0 Suitable conditions for this conversion are described in Method (1 ); 



96/05193 PCT/EP95/03054 

33 

(b) a compound of the formula (I) wherein W is NCONHR 6 or CHNR 6 CONHR 6 , 
W 1 is CHNR s CONHR 6 or R 9 is -NR s CONHR 6 , as appropriate, wherein R s and 
R 6 are as previously defined for a compound of the formula (I) with the 
proviso that R 6 is not H, by reaction with an isocyanate of the formula: 

R 6 NCO 

wherein R 8 is as previously defined for this Method. 

The reaction is typically carried out using a suitable solvent, e.g. 

dichloromethane or tetrahydrofuran; 

(c) a compound of the formula (I) wherein W is NS0 2 CF 3 or CHNR 5 S02CF a , W 1 
is CHNR 6 SOaCF3 or R 9 is -NR 5 S02CF 3 , as appropriate, wherein R 6 is as 
previously defined for a compound of the formula (I), by reaction with 
trifluoromethanesulphonyl chloride or trifluoromethanesulphonic anhydride, 
optionally in the presence of a suitable acid acceptor, e.g. triethylamine, 
pyridine or potassium carbonate. The reaction is typically carried out in a 
suitable organic solvent, e.g. dichloromethane or acetonitrile; 

(d) a compound of the formula (I) wherein W is NS0 2 (Ci-C 4 alkyl),NS02NR 6 R 6 , 
NSO2 (morpholino), NS0 2 (aryl) J CHNR 5 (S0 2 C1-C4 alkyl) or 
CHNR 5 S02NR 5 R 6 , W 1 is CHNR 5 (S0 2 C,-C 4 alkyl) or CHNR 5 S0 2 NR 5 R 6 , or R 9 
is -NR 6 (S0 2 CrC 4 alkyl) or -NR 5 SO z NR 5 R 6 , as appropriate, wherein R 6 and 
R 8 are as previously defined for a compound of the formula (I), by reaction 
with a C1-C4 alkanesulphonyl chloride or bromide, a C1-C4 alkanesulphonic 
anhydride or a compound of the formula: 

R 5 R 6 NS0 2 (CI or Br), (morpholino)S0 2 (CI or Br) or (aryl)S0 2 (CI or Br) 
, as appropriate, optionally in the presence of a suitable acid acceptor, e.g. 
triethylamine. 

The reaction is typically carried out in a suitable organic solvent, e.g. 
dichloromethane, at from 0°C to room temperature; 
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(e) a compound of the formula (I) wherein W is NCOR 6 or CHNR 5 COR 6 , W 1 is 
CHNR 5 COR 6 or R 9 is -NR 5 COR 6 , as appropriate, wherein R 5 and R 6 are as 
5 previously defined for a compound of the formula (I) with the proviso that R 6 

is not H, by reaction with a compound of the formula: 

R 6 CO(CI or Br) or (R 6 CO)20 
wherein R 6 is as previously defined for this Method, optionally in the 
presence of a suitable acid acceptor, e.g. triethylamine. 
10 The reaction is typically carried out in a suitable organic solvent, e.g. 

dichloromethane f at from 0°C to room temperature; 



(f) a compound of the formula (I) wherein W f W 1 or R 9 is as previously defined 
for Method 14(e), as appropriate, by condensation with a compound of the 

15 formula:- 

R 6 C02H 

wherein R 6 is as previously defined for this Method. The reaction can be 
performed under conventional conditions, e.g. using 1,1 -carbonyl- 
diimidazole or 1-hydroxybenzotriazole/1,3-dicyclohexylcarbodiimide (e.g. 
20 see Method (9)) to generate activated intermediates; 

or 

(g) a compound of the formula (I) where W is NS0 2 NR 6 R 6 or CHNR 5 S02NR 5 R 6 , 
W 1 is CHNR 5 S0 2 NR 5 R 6 or R 9 is -NR 6 S02NR 5 R 6 , as appropriate, wherein R 6 
and R 6 are as previously defined for a compound of the formula (I), by 

25 reaction with a compound of the formula: 

R 5 R 6 NS02NH 2 - 



The reaction is typically carried out at an elevated temperature in a suitable 
solvent, e.g. 1 ,4-dioxane. 



30 
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15) The compounds of the formula (I) wherein R 2 is: 




— NR^OzN^Nv 2 or — N^(W* orCHjW 1 ) 

5 wherein W and W 1 are CHCO z H and W 2 is W\ -CH2W 1 -, -CH 2 WCHz- or 

-CH2CH 2 WCH2- and X, X 1 , X 2 , R, R 1 , R 2 , R 5 , R 6 , R 7 , m and n are as 
previously defined for a compound of the formula (I), may be prepared by 
hydrolysis of a compound of the formula (I) wherein 
W and W 1 are CHCQafCi-C* alkyl), W 2 is W\ -CrfeW 1 -, -CH a WCHz- or 
10 -CHaCHaWCHa- and X, X 1 , X 2 , R, R 1 , R 2 , R 5 , R 6 , R 7 . m and n are as 

previously defined for a compound of the formula (I). Preferably, W and W 1 
are CHCQ2CH3 or CH2CO2CH2CH3. 

The hydrolysis is typically carried out using an aqueous solution of a suitable 
acid or base, e.g. a mineral acid such as hydrochloric or sulphuric acid or a 
15 base such as sodium or potassium hydroxide, optionally in the presence of a 

suitable organic co-solvent, e.g. methanol or ethanol. 
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1 6) The compounds of the formula (I) wherein R 2 is 



> s n 7 O v 



— X 2 — p{ W , — N W , — NR^C^N^W 2 . 



CH2>n 



wherein W and W 1 are CHNFfR 6 , W 2 is W\ -CHaW 1 -. -CH 2 WCHa- or 
-CH2CH2WCH2-, R 9 is -NRW and X, X 1 . X 2 , R, R\ R 2 . R 5 , R*. R 7 . m and n are as 
previously defined for a compound of the formula (I) may be prepared by reaction 
10 of a compound of the formula: 



15 O 

(xxn) 



R 1 p >< ^X-N^>— X*-R 



(CHz)ai 

R' 
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: 2 — N W 8 , — N W 8 , — NR^N^Nv 28 , 
j>— (CH2)„ > ' V 



— nQcW^otCH^ 8 ) or — nQ^-Z 8 



wherein W" and W 1B are CHZ 8 , W 20 is W 1B , -CH 2 W 1B -, -CH 2 W B CH2- or 
-CH2CH 2 W B CH2-, Z 8 is a suitable leaving group, e.g. halo, (preferably chloro or 
10 bromo), methanesulphonyloxy, trifluoromethanesulphonyloxy or p- 

toluenesulphonyloxy, and X, X 1 . X 2 , R, R\ R 5 , R 6 , R 7 , m and n are as previously 
defined for a compound of the formula (I), with a compound of the formula: 

HNFfR 8 

wherein R 5 and R 6 are as previously defined for a compound of the formula (I), 
15 optionally in the presence of a suitable additional acid acceptor, e.g. triethylamine 
or potassium carbonate. 



The reaction is typically carried out in a suitable solvent such as acetonitrile. 
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17) The compounds of the formula (I) wherein R 2 is 



_ x 2 — p/ y or — nQcW^fCHjW 1 ) 

5 

W and W 1 are CHNFfR 6 and X, X 1 , X 2 , R, R 1 , R 6 , R 6 , R 7 . m and n are previously 
defined for a compound of the formula (I), may be prepared by reductive 
amination using as the starting materials a compound of the formula (I): 
wherein R 2 is 

10 



R 5 vR 7 



— X 2 — l/ V=0 or — N^(COorCH 2 CO) 

and X, X 1 , X 2 , R, R 1 , R 5 , R 6 , R 7 , m and n are as previously defined for a compound 
of the formula (I), and a compound of the formula: 

HNR S R 6 

wherein R 5 and R 6 are as previously defined for a compound of the formula (I). 
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Conventional conditions are used such as those described for Method (1). 
Again, the intermediate imine or iminium salt formed may be stable or isolatable. 
5 The reaction is preferably carried out without isolation of this intermediate in 
which case it is reduced in situ to provide a compound of the formula (I). 

18) All the compounds of the formula (I) may be prepared by intramolecular 
cyclisation of a compound of the formula: 

10 



wherein X, X 1 , R, R 1 , R 2 and m are as previously defined for a compound of the 
20 formula (I) and Z 9 is a suitable leaving group, e.g. halo (preferably chloro or 
bromo), methanesulphonyloxy or p-toluenesulphonyloxy, optionally in the 
presence of a suitable acid acceptor, e.g. triethylamine. 

The reaction is typically carried out in a suitable solvent, e.g. 
dichloromethane. 



19) All the compounds of the formula (I) except those where m is 0 may be 
prepared by catalysed carbonyl addition-cyclisation of a compound of the formula: 



15 




O 



(xxm) 



25 



30 



R 




CH=CH 2 



(XXIV) 
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wherein t is 0 or 1 and X. X 1 , R, R 1 and R 2 are as previously defined for a 
compound of the formula (I). 

5 

The reaction is typically carried out under an atmosphere of carbon 
monoxide using a suitable catalyst, e.g. tetrakistriphenylphosphinepalladium(0) f a 
suitable base, e.g. triethylamine, and in a suitable organic solvent, e.g. 
tetrahydrofuran, at about room temperature. 

10 

All of the above reactions and the preparations of novel starting materials 
used in the preceding methods are conventional and appropriate reagents and 
reaction conditions for their performance or preparation as well as procedures for 
isolating the desired products will be well known to those skilled in the art with 
15 reference to literature precedents and the Examples and Preparations hereto. 

A pharmaceutically acceptable acid addition or base salt of a compound of 
the formula (I) may be readily prepared by mixing together solutions of a 
compound of the formula (I) and the desired acid or base, as appropriate. The 
2 o salt may precipitate from solution and be collected by filtration or may be 
recovered by evaporation of the solvent. 

The affinity of the compounds of formula (I) and their salts for the human NKi 
receptor can be tested in vitro by testing their ability to inhibit r'HJ-Substance P 

2 5 binding to membranes prepared from the human IM9 cell line expressing the 

human NKi receptor using a modification of the method described in McLean, S. 
etal . J. Pharm. Exp. Ther., 2SZ, 472-9 (1993) in which whole cells were used. 

The affinity of the compounds of formula (I) and their salts for the human NKa 

3 o receptor can be tested in vitro by testing their ability to compete with ?H] or 

[ ,25 I]NKA (neurokinin A) for binding to membranes prepared from Chinese hamster 
ovary cells expressing the cloned human NK 2 receptor. In this method, washed 
Chinese hamster ovary cell membranes are prepared as described for 
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the previous method where IM9 cells are used Instead. The membranes are 
Incubated (90 min, 25°C) with [ 12S I] NKA and with a range of concentrations of the 
5 test compound. Non-specific binding was determined in the presence of 1 Ou.M 
NKA. 

The NK 2 receptor antagonist activity of the compounds of the formula (I) can 
be tested, in vitrp, by testing their ability to antagonise the contractile effects of 
the selective NK 2 receptor agonist [pAla^NKVio) in th e rabbit pulmonary artery, 
10 using the method of Patacchini and Maggi, Eur. J. Pharmacol., 22§, 31-37 (1993). 

The compounds of the formula (I) and their salts can be tested for NK 2 
receptor antagonist activity, in vivo , by testing their ability to inhibit 
bronchoconstriction induced by [pAla^NKViq In the anaesthetised guinea pig, 
15 using the method described by Murai eiaj, J. Pharm. Exp. Ther., 282, 403-408 
(1992) or Metcalfe elal, Br. J. Pharmacol., H£, 563P (1994). 

The compounds of the formula (I) and their salts can be tested for NK3 
receptor antagonist activity, in vitro , by testing their ability to antagonise the 
20 contractile effects of the selective NK3 receptor agonist senktide in the guinea-pig 
ileum using the method of Maggi eiaj, Br. J. Pharmacol., Jfil, 996-1000 (1990). 

For human use, the compounds of the formula (I) and their salts can be 
administered alone, but will generally be administered in admixture with a 
25 pharmaceutical^ acceptable diluent or carrier selected with regard to the intended 
route of administration and standard pharmaceutical practice. For example, they 
can be administered orally, including sublingually, in the form of tablets containing 
such excipients as starch or lactose, or in capsules or ovules either alone or in 
admixture with excipients, or in the form of elixirs, solutions or suspensions 
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containing flavouring or colouring agents. They can be injected parenterally, for 
example, intravenously, intramuscularly or subcutaneously. For parenteral 
5 administration, they are best used in the form of a sterile aqueous solution which 
may contain other substances, for example, enough salts or glucose to make the 
solution isotonic with blood. 

For oral and parenteral administration to human patients, the daily dosage 
10 level of the compounds of the formula (I) and their salts will be from 0.001 to 20, 
preferably from 0.01 to 20, more preferably from 0.5 to 5, and most preferably 
from 1 to 2, mg/kg (in single or divided doses). Thus tablets or capsules of the 
compounds will contain from 0.1 to 500, preferably from 50 to 200, mg of active 
compound for administration singly or two or more at a time, as appropriate. The 
15 physician in any event will determine the actual dosage which will be most 

suitable for an individual patient and it will vary with the age, weight and response 
of the particular patient. The above dosages are exemplary of the average case; 
there can, of course, be individual instances where higher or lower dosage ranges 
are merited, and such are within the scope of this invention. 

20 

Alternatively, the compounds of the formula (I) can be administered by 
inhalation or in the form of a suppository or pessary, or they may be applied 
topically in the form of a lotion, solution, cream, ointment or dusting powder. An 
alternative means of transdermal administration is by use of a skin patch. For 
25 example, they can be incorporated into a cream consisting of an aqueous 

emulsion of polythylene glycols or liquid paraffin; or they can be incorporated, at a 
concentration between 1 and 10%, into an ointment consisting of a white wax or 
white soft paraffin base together with such stabilizers and preservatives as may 
be required. 

30 

It is to be appreciated that reference to treatment includes prophylaxis as 
well as the alleviation of established symptoms of the disease. 
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Thus the invention further provides:- 



5 i) a pharmaceutical composition comprising a compound of the formula (I), or a 
pharmaceutical^ acceptable salt thereof, together with a pharmaceutical^ 
acceptable diluent or carrier; 
ii) a compound of the formula (I), or a pharmaceutical^ acceptable salt or 
composition thereof, for use as a medicament; 
10 iii) the use of a compound of the formula (I), or of a pharmaceutically 

acceptable salt or composition thereof, for the manufacture of a medicament 
for the treatment of a disease by producing an antagonist effect on a 
tachykinin acting at the human NKi, NK 2 or NK3 receptor, or a combination 
thereof; 

15 iv) use as in (iii) where the disease is an inflammatory disease such as arthritis, 
psoriasis, asthma or inflammatory bowel disease, a central nervous system 
(CNS) disorder such as anxiety, depression, dementia or psychosis, a 
gastro-intestinal (Gl) disorder such as functional bowel disease, irritable 
bowel syndrome, gastro-oesophageal reflux, faecal incontinence, colitis or 

20 Crohn's disease, an urogenital tract disorder such as incontinence, 

hyperreflexia or cystitis, a pulmonary disorder such as chronic obstructive 
airways disease, an allergy such as eczema, contact dermatitis or rhinitis, a 
hypersensitivity disorder such as poison ivy, a peripheral neuropathy such 
as diabetic neuropathy, neuralgia, causalgia, painful neuropathy, a bum, 

25 herpetic neuralgia or post-herpetic neuralgia, cough or acute or chronic pain; 

v) a method of treatment of a human to treat a disease by producing an 
antagonist effect on a tachykinin acting at the human NK1, NK 2 or NK3 
receptor, or a combination thereof, which comprises treating said human with 
an effective amount of a compound of the formula (I) or with a 

30 pharmaceutically acceptable salt or composition thereof; 

vi) a method as in (v) where the disease is an inflammatory disease such as 
arthritis, psoriasis, asthma or inflammatory bowel disease, a central nervous 
system (CNS) disorder such as anxiety, depression, dementia or psychosis, 
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a gastro-intestinal (Gl) disorder such as functional bowel disease, irritable 
bowel syndrome, gastro-oesophageal reflux, faecal incontinence, colitis or 
5 Crohn's disease, an urogenital tract disorder such as incontinence, 

hyperreflexia or cystitis, a pulmonary disorder such as chronic obstructive 
airways disease, an allergy such as eczema, contact dermatitis or rhinitis, a 
hypersensitivity disorder such as poison ivy, a peripheral neuropathy such 
as diabetic neuropathy, neuralgia, causalgia, painful neuropathy, a bum, 
10 herpetic neuralgia or post-herpetic neuralgia, cough or acute or chronic pain; 

vii) a compound of the formula (II), (MA), (XII), (XIV), (XV), (XVI), (XVII), (XVIII), 
(XIX), (XX). (XXI), (XXII), (XXIII) or (XXIV). 



The following Examples illustrate the preparation of the compounds of the formula 
15 (I):- 
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(Reference) EXAMPI p 1 



5-(3 . 4-PiChlorQPhenvn-5-(P-f3-morDholinoa2etidin-i- y n ethvn-2nH)-DiDeririnnP 



To a solution of the aldehyde (see Preparation 6) (150 mg, 0.52 mmol) and 3- 
morpholinoazetidine hydrochloride (see Preparation 56) (103 mg, 1.1 mol. equiv.) in 
tetrahydrofuran (7.5 ml) under nitrogen was added triethylamine (0.08 ml, 1.1 mol. 
equiv.). After one hour, sodium triacetoxyborohydride (171 mg 1.5 mol. equiv.) was 
added followed immediately by glacial acetic acid (0.03 ml) and the mixture was stirred 
for 2 hours. Water (1 ml) was then added followed by saturated aqueous sodium 
bicarbonate solution (10 ml), the mixture was extracted with dichloromethane (3 x 20 
ml) and the combined organic layers dried over magnesium sulphate. The solution was 
filtered, the solvent removed from the filtrate under reduced pressure and the residue 
initially chromatographed on silica gel eluting with a solvent gradient of methanol:ethyl 
acetate (1:9 to 1:4, by volume) to remove major impurities and then 
rechromatographed using silica gel eluting with methanol:dichloromethane (1:9, by 
volume) to give the title compound (78mg). TLC Rp0.27 (silica, 
methanol:dichloromethane, 1 :9, by volume). LRMS m/z=41 1 (m+1 )*. Found: C, 57.57; 
H, 6.76; N, 9.78. C^H^CI^CVO.OS CH 2 CI 2 requires C. 57.81; H, 6.56: N, 10.09%. 

'H-NMR (CDCI 3 ) 5=1.60-1.70 (m.1H), 1.80-1.85 (m, 1H), 2.00-2.40 (m, 10H), 
2.65-2.75 (m, 2H), 2.85-2.90 (m, 1H), 3.35-3.40 (m, 3H), 3.65-3.75 (m, 5H), 6.20 (s, br.. 
1H), 7.15-7.50 (m, 3H) ppm. 




O 
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EXAMPLES g tQ 59 

The compounds of the following tabulated Examples of the general formula: 




were prepared by a similar method to that of Example 1 using the 
appropriate aldehyde (see Preparations 39 to 43, 137 to 140 and 187 to 
191) and azetidine (see Preparations 56, 61, 65, 66, 67, 70, 77 to 80, 82, 
84, 85, 87, 89, 107 to 118, 121, 134, 154, 180 and 181) starting materials. 
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*H-NMR (CDCI 3 ):6=2.1-2.3 
(m,8H), 2.3-2.5 (m,3H), 2.9-3.1 
(m,2H), 3.3 (3,3H), 3.3-3.5 (m,6H), 
3.4-3.6 (m ( 1H), 3.7-3.9 (m,2H), 4.3 
(d,1H), 4.9 (d,1H), 6.8 (d,1H), 7.1 
(s,1 H). 7.2-7.4 (m,6H) ppm. 


-X z 
ZOT- 

s c3 °p 
5 3 « 

CO" H CM 
CD X - 

c ^ -5 


'H-NMR (CDCI 3 ):5=1.4-1.6 
(m,1H). 1.8-2.5 (m,21H), 2.8-2.9 
(m,1H), 3.3(d,1H), 3.5 (s,1H), 
3.55-3.6 (m.1H), 4.4 (d,1H), 4.9 
(d,1H), 6.8(d,1H), 7.1 (8,1 H). 7.2- 
7.4 (m,6H) ppm. 
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Analysis/'H-NMR 


'H-NMR (CDCI 3 ):6=1.4-1.8 
(m,3H), 1.9-2.2 (m f 5H), 2.4-2.6 
(m,5H), 2.6-2.9 (m ( 6H), 3.2-3.4 
(m,4H),4.4 (d,1H), 4.8 (d ( 1H) t 6.6- 
6.8 (01,214), 7.0 (q,1H), 7.2-7.4 
(m,5H) t ppm. 


1 H-NMR(CDCI 3 ):6=0.9-1.1 
(m,3H), 1.2-1.4 (m.4H), 1.7-1.9 
(m,8H), 2.1-2.35 (m,9H) t 2.6-2.8 
(m,2H), 2.8-3.0 (m,1H), 3.1-3.2 
(m,1H), 3.3-3.45 (m,4H), 3.7-3.9 
(m,4H), 6.9-7.1 (m,3H)ppm. 
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1 . At least 2 mol. equiv. of triethylamine used. 

2. See Example i03for an alternative preparation. 

3. Dichloromethane additionally used as a co-solvent for the reaction. 

4. 3-(1H-lmida20l-1-yl)azetidine dihydrochloride used as the starting material 
was prepared by treatment of 1-(t-butoxycarbonyl)-3-(1H-imidazol-l- 
yl)azetidine with hydrogen chloride in dichloromethane by the method 
described in International Patent Publication No. WO93/19059. 

5. (S)-enantiomer prepared, 

6. Additional quantities of the azetidine starting material (ca. 1 mol. equiv.) 
triethylamine (ca. 2 mol. equiv.) and tetrahydrofuran. followed by sodium 
triacetoxyborohydride (ca. 1.5 mol. equiv.) and glacial acetic acid, were 
added later to drive the reaction towards completion. 
Methanol/dichloromethane was used as the column eluant. 

7. A gradient elution was performed using dichloromethane followed by 
dichloromethane/methanol as the column eluant. 

A gradient elution was initially performed using ethyl acetate followed by ethyl 
acetate/methanol as the column eluant and this was then changed to 
dichloromethane/methanol In the later stages. 

3- (4-Aminosulphonylpiperazin-l-yl) azetidine bistrif luoroacetate 
(see Preparation 154 ) was used as the starting material. 
The crude reaction product was purified as the trif luoroacetate 
salt by chromatography on silica gel eluting with dichloromethane: 
methanol: 0.880 aqueous ammonia solution (89:10:1, by volume). 
The purified salt was treated with 10% aqueous potassium carbonate 
solution and the aqueous layer extracted several times with ethyl 
acetate. The combined organic extracts were dried (Na 2 SO ) and 
concentrated under reduced pressure to give the required product. 



8. 

9. 
10 
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1 1 . Purified by reverse phase chromatography using MCI gel (trade mark) (a 
high porous polystyrene polymer CHP 20P [75-1 50u]) using methanol 
followed by methanolrwater as the eluant. 

12. (R)-enantiomer prepared. 

1 3. The ditrif luoroacetate salt of the azetidine starting material was used. 

14. Reference Example only. 

1 5. The dihydrochloride salt of the azetidine starting material was used. 

16. A gradient elution was performed using dichloromethane:methanol followed 
by dichloromethane:methanol:concentrated aqueous ammonia solution as 
the eluant. 

17. [ajo +48.9° (c = 0.0009 in methanol) 
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EXAMPLE 60 

5-(3.4-PiQhl(7rpphenvl)-1-(3-methoxvbenzvi^-fi-r9-[ 3 -mo ro hni.nn fl7a tirij n -i . 
vnethvn-2-pipari^np 




To a solution of the piperidone (see Example 1) (350 mg, 0.85 mmol) in dry N,N- 
dimethylformamide (5 ml) under nitrogen was added 60% w/w sodium hydride 
dispersion in oil (37 mg, 1.05 mol. equiv.) and the mixture was stirred at room 
temperature for thirty minutes. After this time, 3-methoxybenzyl chloride (0.13 ml, 
1.05 mol. equiv.) was added and the mixture was stirred for five minutes. Water (1 
ml) was then added followed by saturated aqueous sodium bicarbonate solution (20 
ml) and saturated aqueous ammonium chloride solution (20 ml). The mixture was 
extracted with ethyl acetate (2 x 20ml) and the combined organic layers washed with 
saturated aqueous ammonium chloride solution (2 x 20ml) and then dried over 
magnesium sulphate. Filtration and removal of the solvent from the filtrate under 
reduced pressure gave a gum which was chromatographed on silica gel eluting with 
a solvent gradient of methanolrdichloromethane (1 :19 to 1 :9, by volume) to give the 
title compound (140 mg). TLC R,=0.45 (silica, methanolrdichloromethane, 1:9, by 
volume). LRMS rn/z=532(m)*. Found: C. 62.07; H, 6.74; N, 7.19. C^CI^Oa. 
0.1 CH 2 CI 2 requires C, 62.39; H, 6.56; N, 7.77%. 

'H-NMR (CDCIg): 6=1.50-2.90 (m.16H). 3.25-3.80 (m.7H), 3.80 (s,3H), 4.30 (d,1H), 
4.80 (d,1H), 6.80-6.90 (m,4H), 7.05 (d.1H), 7.25-7.30 (m.2H) ppm. 
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EXAMPLES 61 to 75 
The compounds of the following tabulated Examples of the general formula: 



R\^CH 2 CH 2 N^>— X—R 2 



were prepared by a similar method to that of Example 60 (with heating of the 
reaction mixture, if necessary) using the appropriate piperidone (see Example 
1) and chioro, bromo or methanesulphonyloxyalkane derivatives as the starting 
materials. 
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Enantiomeric oalr A 


'H-NMR (CDCI 3 ):6=1.2-1.4 
(m,1H), 1.5-1.65 (m,3H), 1.75-2.15 
(m,4H), 2.15-2.35 (m,4H), 2.35-2.4 
(m.1H), 2.4-2.5 (m,1H), 2.5-2.6 
(m,2H), 2.75-2.9 (m,2H), 3.2-3.3 
(m,2H), 3.3-3.4 (d.1H), 3.6-3.8 
(m,4H), 6.15-6.25 (m,1H), 6.95- 
7.05 (d,1H), 7.25-7.5 (m,8H), ppm. 
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Footnotes 

1. The two pairs of enantiomers in the product obtained after the work-up 
were separated by chromatography on silica gei eluting with a solvent 
gradient of methanohdichloromethane (1:19 to 1:9). Enantiomeric pair A 
eluted first followed by the more polar enantiomeric pair B. 

2. Chloroalkane derivative used as the starting material. 

3. Bromoalkane derivative used as the starting material. 

1. Methanesulphonyloxyalkane derivative used as the starting material. 
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EXAMPLE 76 

l-Cycloheptylmethvl-S-^ 

yl]ethyl)-2-piperidpne 

5 




15 

To a solution of the piperidone (see Example 1) (200 mg, 0.49 mmol) in dry N,N- 
dimethytformamide (3.5 ml) at 0°C under nitrogen was added 60% w/w sodium 
hydride dispersion in oil (21 mg, 1.1 mol. equiv.) and the mixture was allowed to 
warm to room temperature over one hour. After this time, a solution of methane- 

20 sulphonyloxymethylcycloheptane (see Preparation 13) (120 mg, 1.2 mol. equiv.) 
in dry N.N-dimethylformamide (0.5 ml) was added and the mixture was heated to 
50°C. To effect complete reaction of the starting piperidone the mixture was 
cooled, further portions of sodium hydride (0.5 mol. equiv.) and the starting 
mesylate (0.5 mol. equiv.) were then added and the reaction was heated to 50°C 

25 for two hours. The reaction was cooled to 0°C, water (1 ml) added and the 
dimethylformamide removed under reduced pressure. The residue was extracted 
with ethyl acetate (3 x 20ml), and the combined extracts were dried over 
magnesium sulphate. Filtration and removal of the solvent from the filtrate under 
reduced pressure gave a foam which was chromatographed using silica gel 
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eluting with a solvent gradient of dichloromethane:methanol (100:0 to 85:15, 
by volume) to give the title compound (120mg). TLC R, =0.45 (silica, 
methanol:dichloromethane, 1:9 by volume). LRMS m/z 522 (m+1)\ Found: C, 
5 62.1 1 ; H, 7.63; N. 7.55. C^CI^O., .0.2 CH 2 CI 2 requires C, 62.78; H, 7.73; 
N, 7.79%. 



'H-NMR (CDCI 3 ):o=1.1-1.3 (m,2H), 1.35-1.8 (m,11H), 1.8-1.95 (m,2H), 1.95- 
2.1 (m,1H), 2.1-2.35 (m,7H), 2.35-2.5 (m,1H), 2.75-2.95 (m,2H). 2.95-3.0 
(m,2H), 3.05-3.2 (m,2H), 3.25-3.45 (m,2H), 3.45-3.6 (m.2H), 3.6-3.75 (m.4H), 
7.05-7.1 (m,1H), 7.3-7.35 (m,1H), 7.4-7.45 (m,1 H) ppm. 
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EXAMPLE 77 

fi-(a 4-DichlornphQnvh-5- rp-fa-mQroho1inQazetidin-1-vllethvn-1-f4- 

phftnyltfflnTylVa-piperidone 

5 



10 



15 



20 



25 




30 



WO 96/05193 PCT/EP95/03054 

93 

To a solution of the mesylate (see Preparation 35) (290 mg, 0.55 mmol) in dry 
acetonitrile (10 ml) was added 3-morpholinoazetidine dihydrochloride (see 
Preparation 56) (200 mg, 2.0 mol. equiv.) followed by triethylamine (0.15ml, 2 
5 mol. equiv.) and potassium carbonate (I50mg, 2 mol. equiv.). The mixture was 
heated under reflux for four hours. After this time, the reaction was cooled, 
water (1 ml) was added, the mixture was evaporated to dryness under reduced 
pressure and the residue taken up in a mixture of dichloromethane (10 ml) and 
water (10 ml). The organic phase was separated, washed with brine (10 ml), 
10 dried over magnesium sulphate, filtered, and the solvent removed from the 
filtrate under reduced pressure to give a gum which was chromatographed on 
silica gel eluting with a solvent gradient of methanol:dichloromethane (1:19 to 
1:9, by volume) to give the title compound (85mg). TLC R, =0.47 (silica, 
methanol:dichloromethane, 1:9, by volume), m.p. 72-82'C. LRMS m/z = 578 
15 (rn+1)- Found: C. 67.56; H, 6.27; N, 7.24. q^l N 0 » . 0.13 CH CL requires 
C, 67.53; H, 6.37; N, 7.13%. 

'H-NMR (CDCI 3 ):6=1.5-1.8 (m,3H), 1.95-2.3 (m.8H), 2.4-2.55 (m.1H). 2.6-2.75 
(m,2H), 2.8-2.9 (m,1H), 3.3-3.35 (m,3H), 3.55-3.7 (m,5H), 4.4 (d.1H), 4.9 
20 (d,1H), 6.85-6.9 (m,1H), 7.1 (s.1H), 7.25-7.7 (m,10H) ppm. 
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EXAMPLE? 79 to 9g 
The compounds of the following tabulated Examples of the general formula: 

CH 2 CH 2 N^>— X— R 2 




were prepared by a similar method to that of Example 77 using the appropriate 
mesylate (see Preparations 33 9 34, 36, 37 and 38) and the appropriate 
azetidine (see Preparations 56, 68, 77, 81, 82, 83, 86, 87, 88, 1 19, 134, 154, 
179 and 181) starting materials. 
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EXAMPLP 97 



a, ■ 6 



The ppsridone (see Example 18) (95 mg. 02 mmoV) ^ dlssolved „ ethano| 
whtch had been saturated wtth ammonia (20 mt) and Raney nicke. (10 mg) was 
added. The mixture was then stirred at 50-C under an atmosphere of hydrogen 
et 345 KPa (SOpsl) for 10 hours. The catafyst was men removed by fiction and 
5* palladium on carbon (10 mg) added. The mixture was then stfrred for a 
further sixteen hours at 60-C and 345 kPa under an atmosphere of hydrogen. 
20 The oataiyst was man removed by fitaaton, the fllbate oonoentmted under 
.educed pressure and the residue chromatogrcphed using silioa gel eluting with 
a solvent gradient of methanotrdiohloromethane (0:100 to 9:91, by volume) to give 
the tHIe compound (19mg). TLC R, =0.3 (silica. methanol:dich.oromethane 1-9 
by volume). LRMS m/z=434(mr. Found: C, 66.22: H. 8.26: N. 8.60. C M O s 
25 .3^0 requires C, 66.50; H. 8.47; N, 8.62%. 



•H-NMR (CDCI,): 6 = 0.8-1.0 (d.2H), 1.1-L4 (m.1H). 1.9-2.6 (m.12H). 2 6-2 8 
(m.1H). 3.2-3.4 (m,2H). 3.5-3.8 (m.SH), 4.5 (d.1H), 4.8 (d.1H). 6.95-7 1 (m 2H) 
7.2-7.4 (m.8H) ppm. 
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EXAMPLE 98 

1-B9nzvl-5-(3.4-dichlorQDhenvn-5-f2-r3-DiDerazinoazetidin-1-vnethyl^-2- 
piperidone 

5 



10 




To a solution of the piperazine (see Example 7) (101 mg, 0.16 mmol) in dry 
IS dichloromethane (3.5 ml) under an atmosphere of nitrogen at room temperature 
was rapidly added trrf luoroacetic acid (3.5 ml, 45 mmol). The reaction mixture 
was stirred for a further twenty minutes and then the solvent evaporated under 
reduced pressure. The reaction was azeotroped twice using dichloromethane (50 
ml) to remove the excess trrfluoroacetic acid. The reaction mixture was basif ied 
20 (pH 9) using saturated aqueous sodium carbonate solution (30 ml) and the 
aqueous phase extracted with ethyl acetate (4 x 50 ml). The organic extracts 
were combined, dried over anhydrous magnesium sulphate and evaporated to 
dryness under reduced pressure. The resulting foam was dissolved in 
dichloromethane (0.25 ml), filtered and the solvent removed from the filtrate under 
25 reduced pressure to give the title compound (88mg). TLC R, = 0.16 (silica, 
methanol:dichloromethane:conc. aqueous ammonia solution, 9:90:1, by volume). 
LRMS m/z=467(m)\ Found: C, 55.15; H, 5.74; N. 6.84. C^H^CtO.O.^S 
CHgClj requires C, 54.42; H, 5.93; N, 8.90%. 

1 H-NMR (CDCy:6=1 .2-1.3 (m,1H), 1.4-1.6 (m,2H), 1.9-2.3 (m,6H). 2.3-2.5 
30 (m,4H), 2.7-2.8 (m,2H), 2.9-3.25 (m,5H), 3.25 (d,1H), 3.3-3.5 (m,2H), 3.55 (d,1H), 
4.4 (d,1H), 4.8 (d,1H), 6.8 (d,1H), 7.05 (s.1H), 7.2-7.4 (m,6H) ppm. 
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EXAMPLE 99 

1-(2.4-PiQhlorQbflnzyn-fi-f3.4-^ 

vllathyn-P-pipftri^nft 



10 




To a stirred solution of powdered potassium hydroxide (1 10 mg, 4 mol. equiv.) in 
dry dimethylsulphoxide (4 ml) was added a solution of the piperidone (see 
Example 1) (200 mg, 0.49 mmol) in dry dimethylsulphoxide (4 ml) followed by 2,4- 
dichlorobenzyl chloride (0.068 ml, 1 mol. equiv.) and potassium iodide (8 mg. 0.1 
mol. equiv.). The mixture was then allowed to stir at room temperature for 
sixteen hours. Ethyl acetate (50 ml) was then added, the mixture washed with 
water (3 x 50 ml) and the organic phase dried over anhydrous magnesium 
sulphate. The solution was then filtered, the solvent removed from the filtrate 
under reduced pressure and the residue chromatographed using silica gel eluting 
with a solvent gradient of ethyl acetate:methanol:diethylamine (100:0:0 to 100:5:1, 
by volume) to give the title compound (49mg). LRMS m/z=572(m+1)*. 



'H-NMR (CDCy:6=1.55-1.8 (m,2H), 1.95-2.3 (m,10H), 2.4-2.5 (m,1H), 2.65-2.7 
(m,1H), 2.85-2.9 (m,1H), 3.3-3.4 (m,3H), 3.6-3.7 (m,5H), 4.6 (d,1H), 4.85 (d.1H), 
30 6.9-6.95 (m,1H), 7.05 (m,1H), 7.2-7.4 (m,4H) ppm. 
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EXAMPLE 100 

5-f3.4-DichlorophftnylV1-f4-fluoroben2 yn-5-f2-r3-morpholinoa2etidin-1 - 
yHethvn-2-DiperidonQ 

5 



10 




15 To dry dimethylsulphoxide (3 ml) at room temperature was added powdered 
potassium hydroxide (104 mg, 4 mol. equiv.) and the mixture was allowed to stir 
at room temperature for f ive minutes. A solution of the piperidone (see Example 
1) (240 mg, 0.46 mmol) in dimethylsulphoxide (5 ml) was then added followed by 
4-fluorobenzyl bromide (0.058 ml, 1 mol. equiv.) and the mixture allowed to stir 

20 at room temperature for fifty minutes. The reaction was poured into ethyl acetate 
(40 ml), washed with water (3 x 40 ml) and the organic phase dried over 
anhydrous magnesium sulphate. The solution was then filtered, the solvent 
removed from the filtrate under reduced pressure and the residue 
chromatographed on silica gel eluting with a solvent gradient of ethyl 

25 acetate:methanol:diethylamine (1 00:0:0 to 10:1 :2 to 20:3:1 , by volume) to give the 
title compound (100mg). LRMS m/z=521(m+1) + . TLC Rf=0.4 (silica, ethyl 
acetate:methanol:diethylamine, 20:3:1, by volume). Found: C, 61.46; H, 6.27; N, 
7.55. C 27 H32CI 2 N 3 0 2 F requires C, 62.31; H, 6.20; N, 8.07%. 
'H-NMR (CDCI 3 ):5=1.5-1.85 (m,4H), 1.95-2.2 (m,8H), 2.6-2.75 (m,2H), 2.8-2.9 

30 (m,1H), 3.15-3.35 (m,4H), 3.65-3.75 (m,4H), 4.3 (d,1H), 4.8 (d,1H), 6.8-7.3 (m,7H) 
ppm. 
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EXAMPLES 101 anHmo 

The compounds of the following tabulated Examples of the general formula:- 



a 




were prepared by a similar method to that of Example 100 using the same 
piperidone starting material and 3,5-di(trifluoromethyl)benzyl bromide or 2- 
methanesulphonyloxyethylcyclopropane (see Preparation 157). as appropriate. 
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EXAMPt F i m 

1-B8n^YhV(3 4-dirhlorQDhenviK5^p-r3-ri.n y nthinm o rnhniin^ ayft ^ in . 1 - 
viiethvn-p-pjpftrj^^nft 

5 



10 



15 



20 



25 



30 



SA. a ch 3 cn, ch 3 oh Sy^-a 



To an ice cooled solution of methanol (7 ml), the thiomorpholine (see Example 2) 
(0.76 ml, 1.0 mol. equiv.), acetonitrile (0.09 g, 1.5 mol. equiv.) and potassium 
carbonate (0.147 g, 0.72 mol. equiv.) was added, over thirty minutes, a solution 
of 30% w/v hydrogen peroxide in water (0.175 g, 1.05 mol. equiv.) in methanol 
(5ml). The reaction was stirred at 0°C for two hours and then allowed to warm to 
room temperature and stirred for a further sixteen hours. The majority of the 
solvent was then removed under reduced pressure at room temperature. 
Saturated aqueous sodium bicarbonate solution (20ml) was added and the 
mixture extracted with ethyl acetate (3 x 50ml). The combined organic layers 
were dried over magnesium sulphate and evaporated under reduced pressure. 
The oil obtained was purified by flash column chromatography on silica gel eluting 
with methanohdichloromethane (1:9, by volume) to give the title compound 
(121mg). TLCR, 0.10 (silica, methanohdichloromethane, 1 :9, by volume). LRMS 
m/ 2 =534(nrH.ir. Found : C, 57.91; H, 5.77; N, 7.58. (WWAS. 0.37 CH 2 CI 2 
requires C, 58.05; H, 6.01, N, 7.42%. 
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1 H-NMR (CDCI 3 ):6=1.1-1.3 (m,1H), 1.4-1.8 (m,1H), 1.9-2.3 (m,5H), 2.4-2.6 
(m,5H), 2.6-2.7 (m,6H), 2.7-2.9 (m,1H), 2.9-3.1 (m,1H), 3.2-3.4 (m,2H). 3.4-3.6 
(m,1H), 4.4 (d.1H), 4.8 (d,1H), 6.8 (d,1H), 7.1 (s,1H), 7.3-7.4 (m,6H) ppm. 
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EXAMPLE 104 

1-Benzvl-5-r3.4-dinhlnrnphanvh.5-^-fa-r QndQ-3-hyrirnyy. 

8>azabicYolof3.2. 1 1oct-e-vnazetidin-i ■ v i]at hvn.p-p i pfl riHn nf » 




A mixture of the piperidone (see Example 24) (78 mg), 6N aqueous sodium 
hydroxide solution (0.5 ml) and methanol (1.5 ml) was stirred at room temperature 
for sixteen hours. The solution was concentrated under reduced pressure and 
water (5 ml) and dichloromethane (10 ml) were then added. The layers were 
separated and the aqueous phase was further extracted with dichloromethane (2 
x 10 ml). The combined organic layers were dried over anhydrous sodium 
sulphate and then filtered. The solvent was removed from the filtrate under 
reduced pressure to give the title compound as a white foam (67mg). LRMS 
m/z=543(m+ir. Found: C, 62.15; H, 6.11; N. 7.43. C^Cys^O. 0.56 CH 2 CI 2 
requires C, 62.40; H, 6.87; N, 7.16%. 

1 H-NMR (CDCI 3 ):5=1 .5-2.2 (m.18H), 2.4-2.5 (m,1H), 2.6-2.7 (m,2H), 2.95 
(br.s,2H), 3.1-3.2 (m,1H), 3.25-3.35 (m,3H), 3.5-3.6 (m,1H), 3.95-4.05 (m,1H), 
4.2(d,1H). 4.8 (d,1H), 6.75-6.8 (m,1H), 7.1 (d,1H), 7.2-7.4 (m,6H) ppm. 
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EXAMPLE 105 

5fS)-1-CvcloDroDvim6thvl-5-f3.4-dichloroDhenvh-5-f2-r3W piDerazin-1- 
vl)azetidin-1-vl]ethyD-2-piperidone 




To a solution of the compound of Example 32 (1 .36g, 2.5 mmol) in methanol 
(15ml) was added 10% w/w aqueous sodium hydroxide solution (5.44ml). The 
mixture was heated under reflux for 48 hours. The methanol was then removed 
by evaporation under reduced pressure and the residue acidified to pH7 using 2N 
aqueous hydrochloric acid solution. The mixture was extracted with 
dichloromethane (2 x 40ml). The combined organic extracts were evaporated to 
dryness under reduced pressure to give the title compound as a white foam 
(0.5 g). 
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TLC Rf = 0.1 (silica, concentrated aqueous ammonia:methanol: dichloromethane, 
20:80:320, by volume). LRMS m/z = 465 (m)*. 

'H-NMR (CDCI 3 ): 6 = 0.2-0.4 (m,2H), 0.5-0.7 (m,2H), 1.0-1.1 (m,1H), 1.6-2.6 
(m,17H), 2.7-2.8 (m,2H), 2.9-3.05 (m,2H), 3.1-3.2 (m,1H), 3.4-3.6 (m,3H), 3.7-3.85 
(m,1H), 7.1-7.2 (m,1H), 7.3-7.5 (m,2H) ppm. 

EXAMPLE 106 

s(S)-H3-{^gtoprorM*thvn-5-f2-^ 
YDazetidiP-l-VlTethvD-S-O^rtichlorophftnvl^ ^-DiperidonB 




a 
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To a solution of the compound of Example 1 15 (0.1 g. 0.1 1 mmol) in 
tetrahydrofuran (3ml) under nitrogen were added cyclopropylcarboxaldehyde 
(8mg) and triethylamine (0.017ml). After stirring for five minutes, sodium 
triacetoxyborohydride (32mg) and glacial acetic acid (0.007ml) were added and 
the reaction stirred at room temperature for sixteen hours. The reaction mixture 
was concentrated under reduced pressure and the residue partitioned between 
dichloromethane (12ml) and 10% w/w aqueous sodium carbonate solution 
(4ml). The layers were separated and the aqueous phase was extracted with 
dichloromethane (2 x 10ml). The combined organic extracts were dried over 
anhydrous magnesium sulphate, filtered and the solvent removed from the 
filtrate by evaporation under reduced pressure. The residue was 
chromatographed on silica gel eluting with dichloromethane:methanol: 
concentrated ammonia solution, 89:10:1, by volume) to give the title compound 
(37mg). TLC Rf = 0.18 (silica, dichloromethane:methanol:concentrated 
ammonia solution, 89:10:1, by volume). LRMS m/z = 547 (m+1) + . 
'H-NMR (CDCIa): 6 = 0.1-0.15(m.4H), 0.4-0.5(m,4H). 0.6-0.7(m,1H), 0.9-1.0 
(m,1H), 1.25-1.4(m,2H), 1.45-1.7(m.4H), 1.75-1 .9(m,5H), 1.95-2.2(m,5H), 2.3- 
2.45(m,4H), 2.6-2.7(m.4H), 2.8-2.9(m,1H), 3.3-3.4(m,4H), 3.5-3.7(m,2H). 7.0- 
7.4(m,3H) ppm. 



The compounds of the following tabulated Examples of the general formula:- 



EXAMPLES107and108 
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PCT/EP95/03054 



were prepared by a similar method to that of Example 106 using the 
appropriate amine starting materials (see Examples 105 and 113) and 
cyclopropylcarboxaldehyde. 
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EXAMPLE 109 

5fS)-5-(2-r3-f4-AmlnosulphonvlDiDera2in-1-vl \a2etidin-1-yl|ethvn-1-m- 
C9rbQXYP9Ptvt)-5-f3.4-dichlorophenvn-2 - Di D eridonft ditrifluoroacfltato 




To a solution of the compound of Example 57 (30mg, 0.045 mmol) in 
dichloromethane (1ml) at 0°C under nitrogen was added trifluoroacetic acid 
(0.05ml). The mixture was stirred for 2 hours at room temperature. The 
dichloromethane solvent was removed under reduced pressure to give a gum 
which crystallised following trituration with diethyl ether to provide the title 
compound as a white solid (20mg). TLC Rf = 0.48 (silica, methanol: 
dichloromethane, 1:9, by volume). LRMS m/z = 604 (m+1) + . Found: C.42.47; 
H,4.73; N.7.90. C^HasCfeNsOsS. 2 CF 3 C0 2 H.H 2 0 requires: C.42.46; H.4.88; 
N,8.25%. 
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EXAMPLE 110 

5-f2-f3-f 4-Carboxvpiperidin-1 -vhazetidin-1 -vllethvl -fiyrJohQwlmethvl-5- 
/3 4-dichloroDhenvn-2-Diperidone 




CI 



aq. NaOH, EtOH 

V 




To a solution of the compound of Example 95 in ethanol (1ml) was added 1N 
aqueous sodium hydroxide solution (0.24ml) and the mixture stirred at room 
temperature for sixteen hours. The ethanol was removed under reduced 
pressure and water (1ml) was added to the residue. The solution was adjusted 
to pH5 using 2N aqueous hydrochloric acid solution to give an oil which 
crystallised when scratched. The resulting solid was filtered off, triturated with 
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water (2 x 3ml) followed by diethyl ether (3 x 3ml), then dried under reduced 
pressure at 70-C to give the title compound (40mg). LRMS m/z = 550 (m+1) + . 
Found: C.55.80; H.7.14; N,6.44. 03,^301203.0.75 H 2 O.NaCI requires: 0,55.95; 
H.6.88; N,6.75%. 

EXAMPLE 111 

5(g)-(2-f3-(4-QarP0xypiperidin-1 -vhazetidin-l -vllfl t hvn-1 -cvclonro PV |methy»- 
5-(3.4-dichtoroDhQnvf^-P- D i D eridQnft 

This compound was prepared by a similar method to that of Example 110 using 
the appropriate methyl ester starting material (see Example 59) and 3.8 mole 
equivalents of the aqueous sodium hydroxide solution. LRMS m/z = 508(m)*. 
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EXAMPLE 112 

5f S)-5-f2-f3-f4-AminoDiperidin-1 -vHazatidin-l -vllethvh-1 - cvclopropvtmethvl- 
5-f3.4-dichlorophenvl>-2-PiPeridone tristrifluoroacetate 




a 



To a solution of the compound of Example 48 (1 .4g, 24.1 mmol) in 
dichloromethane (20ml) at +4°C under nitrogen was added trifluoroacetic acid 
(6.6ml) and the reaction stirred at room temperature for one hour. The solvent 
and excess trifluoroacetic acid were removed under reduced pressure to give the 
title compound (907mg). LRMS m/z = 479 (m+1) + . 
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B&MEi£5JU3Jo_llg 
The compounds of the following tabulated examples of the general formula: 

J (d^s^K S N . ) — NH 2 




were prepared by a similar method to that of Example 1 12 using the appropriate t- 
butoxycarbonyl-protected amine (see Examples 46. 51 and 54) and trifluoroacetic 
acid. 
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EXAMPLE 11 R 

5-(2-r9-f4-AmlnOPiperidin-1-vl)a2e1idin-1-vnath u i yi-cvclQhexvlm^hYh^- 
(3,4-d»chlorophenvn-2-Dioeridone tristrr fluoroacatatfl 



To a solution of the compound of Example 96 (0.53g, 0.85 mmol) in 
dichloromethane (5ml) at 0°C under nitrogen was slowly added 
trifluoroacetic acid and the solution allowed to stir at room temperature for 
1 hour. The excess trifluoroacetic acid and dichloromethane were removed 
under reduced pressure, the residue treated with dichloromethane (5ml) and the 
solvent removed under reduced pressure. The residue was triturated with diethyl 




NHCOjaCH^ 



TFA/CH 2 a2 
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ether, filtered and the solid obtained rapidly washed with diethyl ether, then dried 
under reduced pressure at 70 °C to give the title compound (580mg). LRMS m/z = 
522 (m+1)*. 

'H-NMR (CDCI 3 )/d6-DMSO): 6 = 0.75-0.9(m,2H), 0.95-1. 1(m,3H), 1.35-4.0 
(m,32H), 6.95-7.0(m,1H), 7.15-7.20(m,1H), 7.30-7.35(m.1H). 8.35(br.s,2H) ppm. 

EXAMPLE 117 

1-Cycloh9xylm9thyl-5-f3.4-dlchlprQphenYl)-5-(2-f3-(4- 

methanesulDhonamidopiDeridin-1-vna2etidin-1-vnethvh-2-DiDeridone 
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To a solution of the compound of Example 116 (0.29g, 0.34 mmol) and 
triethylamine (0.23ml) in dichloromethane (6ml) at 0°C under nitrogen was added 
methanesulphonyl chloride (0.035ml). The mixture was allowed to stir at room 
temperature for sixteen hours. The dichloromethane was removed under reduced 
pressure, the residue taken up in ethyl acetate (30ml) and washed with 1% w/w 
aqueous sodium bicarbonate solution (5ml). The organic phase was dried using 
anhydrous magnesium sulphate, filtered and the solvent removed from the filtrate 
under reduced pressure to give an oil. This oil was chromatographed on silica gel 
eluting with methanofcdichloromethane (1:9, by volume) to give the title compound 
(85mg). TLC Rf 0.25 (silica, methanol: dichloromethane, 1:9, by volume). 
1 H-NMR (CDCI 3 ): 6 = 0.9-1.1 (m,2H), 1.15-1.30(m,3H), 1.45-2.25(m.19H), 2.30- 
2.40(m.1H), 2.55-2.7(m,4H), 3.8-3.9(m,1H), 2.95(s,3H), 3.1-3.2(m,1H). 3.3-3.4 
(m,5H). 3.5-3.6(m,1H), 4.1-4.15(m,1H), 7.1-7.15(m,1H), 7.3-7.45(m,2H) ppm. 

EXAMPLE m 

5(S)-1-CvclODronvlmethvl-5-ra 4-dichlQronhanvh-5-/2-r3-r4- 
methanesulDhonamidoDi oeridin-1-ynazetidin-1-vnethvh-2-DiperiHr>nft 
The title compound was prepared by a similar method to that used in Example 1 17 
using the appropriate aminopiperidine starting material (see Example 112). 
LRMS m/z = 557(m+1) + . 

'H-NMR (CDCI 3 ): 6 = 0.25-0.35(m.2H), 0.5-0.65(m,2H), 0.8-1.1 (m,3H), 1.2-1.35 
(m,3H), 1.5-1.7(m.3H), 1.8-2.4(m,9H), 2.6-2.8 (m,3H), 2.85-3.0(m,3H), 3.1-3.2 
(m,1H), 3.25-3.5(m,4H), 3.7-3.8(m,1H). 4.15-4.2(m,1H), 7.1-7.4(m,3H) ppm. 
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EXAMPLE 119 

5f SV5-f2-r3-{4-CarbamovlDiDerazin-1 -vnazetidin-1 -vllethvh-1 - 

(cyglopropYlmetnYl)-§-Q.4-c<igh»Qrpph9nYi)-2-pip9rici9n9 




TMSNCO 



CH 2 Cl2 




To a solution of the compound of Example 105 (100mg, 0.2 mmol) in 
dichloromethane (3ml) at room temperature under nitrogen was added 
trimethylsilylisocyanate (0.032ml) and the mixture was stirred at room temperature 
for sixteen hours. The solvent was removed under reduced 
pressure and the product was purified by column chromatography using silica gel 
eluting with dichloromethane:methanol:concentrated ammonia solution (89:10:1, 
by volume) to give the title compound (69mg). TLC Rf = 0.25 (silica, 
dichloromethane:methanol:concentrated ammonia solution, 89:10:1, by volume). 
LRMSm/z = 508(m+ir. 
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'H-NMR (CDCI3): 6 = 0.25-0.4(m,2H), 0.55-0.7(m.2H), 0.95-1.1(m,1H). 1.6-1.9 
(m.2H), 1.95-2.4(m.10H), 2.7-2.75(m,2H), 2.9-2.95(m,1H), 3.1-3.2(m.1H). 3.35- 
3.5(m,8H), 3.7-3.8(m.1H), 4.4(br.s,2H), 7.1-7.4(m.3H) ppm. 

EXAMPLE 12Q 

5(S)-5-f2-r3-f4-ARetamirinninfl ridin-1-vn fl yfltidin-1-vnftthyt)--|. 
WQlQpropvlmethvl-5-f3.4-diohlor 0 Dhflnvn-9-pi pa pHon Q 




a 



To a solution of the compound of Example 1 12 (300mg, 3.65 mmol) and 
triethylamlne (255ul) in dichloromethane (40ml) under nitrogen at room 
temperature was added acetic anhydride (4yil) and the reaction was stirred for 
eighteen hours. A further portion of acetic anhydride (80pl) was then added 
and stirring continued for 1 hour. The reaction was washed with water (2 x 
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30ml) followed by brine (30ml). The combined organic layers were dried using 
anhydrous magnesium sulphate and then evaporated under reduced pressure to 
give a yellow oil. This was dissolved in ethyl acetate (40ml) and extracted with 2N 
aqueous hydrochloric acid solution (2 x 100ml). The combined acidic aqueous 
extracts were basified using saturated aqueous sodium bicarbonate solution and 
the aqueous layer extracted using ethyl acetate (2 x 100ml). The combined 
organic layers were dried using anhydrous sodium sulphate. The solvent was 
removed under reduced pressure to provide the title compound (53mg). TLC Rf = 
0.1 (silica, methanohdichloromethane; 1:9, by volume). LRMS m/z = 629 (m)*. 
'H-NMR (CDCfe): 6 = 0.2-0.4(m,2H), 0.5-0.7(m,2H), 0.95-1. 05(m,1H). 1.3- 
1.4(m f 2H) f 1.5-1 .7(m t 1H) f 1.75-2.2(m,13H), 2.3-2.4(m,1H). 2.5-2.7(m,4H) f 
2.95(t.1H), 3.05-3.1 (m,1H), 3.4-3.6(m,4H), 3.8(d,2H). 5.2(s,1H), 7.1(d,1H), 7.35- 
7.4(m,2H) ppm. 



The compounds of the following tabulated Examples of the general formula:- 



were prepared by a similar method to that of Example 120 using the appropriate 
piperazine starting material (see Example 105) and the appropriate acylating 
agent. 



EXAMPLES 1?1 and 12a 




a 
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EXAMPLE 123 

5fS>-5-f2-r3-r4-AminosulDhonvlDiDQrazin-1 -vhazetidin-1 -vnethvh-1 - 
cvcloproDvlmethvl-5-r3.4-dichloroDhenvn-2-piDQridonft 

H,CN 

PhCH a l< 





w 
o 



I 



O 
"I 

PhCH a N^^IS0 2 NH a 

(8) | PbjCHN^^— OSO,CH 3 

Ph 2 CH N N^^^l S O ,N H a 

GO j 




S0 3 NH 2 
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< a > 4f9)-4-Q Y anQ-4-f3.4-d>ohloronhenvn-5-M 3.ri io X oi an -2-vnnpntan-1-nin aniri 
To a 1.0M solution of lithium hexamethyldisilylazide in tetrahydrofuran 
(4.69I) at 5°C under nitrogen was added a solution of 3,4- 
dichlorophenylacetonitrile (750g, 4.28 moles) in tetrahydrofuran (750ml), 
dropwise, over 45 minutes. The reaction was allowed to stir for 2 hours. 
The reaction was cooled again to 5°C and a solution of 2-bromomethyl- 
1,3-dioxolane (782g) in tetrahydrofuran (780ml) added, dropwise, over fifty 
minutes. Tetra-n-butylammonium iodide (75g) was added, portionwise, and 
the mixture allowed to warm to room temperature and stirred for 14 hours. 
The reaction was then cooled to 5°C and a 1.0M solution of lithium 
hexamethyldisilylazide in tetrahydrofuran (4.69I) was added, dropwise. 
The mixture was stirred for 5 hours at room temperature. The solution was 
cooled to 5°C and a solution of ethyl 3-bromopropanoate (840.5g) in 
tetrahydrofuran (840ml) was added, dropwise, over 50 minutes. The 
reaction was allowed to stir for 14 hours. The reaction mixture was cooled 
to 5°C and 1.5M aqueous sodium hydroxide solution (containing 255g of 
sodium hydroxide) was added and the mixture stirred for 14 hours. Water 
(51) was added and the mixture was extracted with ethyl acetate (2 x 31). 
The combined organic extracts were washed with water (2 x 51). The 
aqueous phases were combined and acidified to pH1 using 5N aqueous 
hydrochloric acid solution and then extracted with ethyl acetate (2 x 31). 
The combined organic extracts were concentrated under reduced pressure 
to a concentration of approximately 3ml/g based on the theoretical yield of 
the product. 

The above experimental procedure was then repeated on an identical 
scale. 
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To the combined organic solutions from both reactions was added 
(SM-)-alpha-methylbenzylamine (1.13kg) and the mixture stirred for 14 
hours. The thick slurry was then stirred with cooling in an ice-bath for 2 
hours, filtered, the solid washed with ethyl acetate (2 x 11) and then dried 
under reduced pressure at 35° C to give 1 .85kg of material. 
A portion of this material (1.34kg) was dissolved in a mixture of butanone 
(21) and water (503ml) that was heated under reflux. A further portion of 
butanone (4.7I) was added and the solution was allowed to cool slowly to 
room temperature overnight. The resulting solid was filtered off (the filtrate 
was used in Preparation 192), washed with butanone (2x11) and dried 
under reduced pressure at 35° C for 10 hours to give 563g of material 
(93.8% e.e.). A further recrystallisation from butanone/water gave the title 
compound as a (S)-(-)-alpha-methylbenzylamine salt in 99.8% e.e. To a 
stirred solution of this salt in ethyl acetate and water was added 5N 
aqueous hydrochloric solution until pH1 was achieved. The mixture was 
stirred for a further 30 minutes, the layers separated and the aqueous 
phase extracted with ethyl acetate. The combined organic layers were 
washed with water and the solvent removed by evaporation under reduced 
pressure to give the title compound. 

'H-NMR (CDCb): 6 = 2.05-2.35(m.4H). 2.4-2.65(m,2H), 3.7-4.0(m.4H), 
4.75-4.85(m,1H), 7.25-7.55(m,3H). 9.9(s.br.,1H,acid) ppm. 

(b) 5(S)-5-(3.4-DichloroDhenvn-5-n.3-dioxolan-2-vlmethvh-2 MHVDiDeridone 
To a solution of the compound of Example 123(a) (13.5g, 39.22 mmol) in 
glacial acetic acid (130ml) was added platinum oxide (1.21g) and the 
mixture stirred under an atmosphere of hydrogen at 414 kPa (60 psi) and at 
room temperature for 17 hours. The catalyst was removed by filtration 
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and a further portion of platinum oxide (1 .21 g) added. The reaction 
mixture was then stirred under an atmosphere of hydrogen 414kPa (60 
psi) and at room temperature for 48 hours. The catalyst was removed by 
filtration and the solution concentrated under reduced pressure. The 
residue was dissolved in ethyl acetate (80ml) and washed with saturated 
aqueous sodium bicarbonate solution (2 x 75ml). The organic phase 
was then separated and the solvent removed under reduced pressure. 
The resulting solid was stirred in a solution of hexane (20ml) and ethyl 
acetate (20ml) for 2 hours at 0°C and then filtered off to give the title 
compound (8.15g). 

'H-NMR (CDCIa): 6 = 1.85-1.95(m,1H), 2.0-2.25(m,4H), 2.35-2.4(m,1H). 
3.45-3.55(m,1H), 3.65-3.75(m.2H), 3.8-3.9(m f 3H). 4.35-4.4<m.1H). 
6. 15(s,br. f 1 H), 7.2-7.45(m,3H) ppm. 

(c) 5 <SH-C*c|pprppylmemvl-fi^^ 
ylmethvn-2-ninflrirtn nf 

To a solution of the compound of Example 123(b) (38.6g, 1 17 mmol) in 
dimethyl sulphoxide (190ml) was added potassium hydroxide (I9.7g) 
and the mixture stirred at room temperature for 20 minutes. 
Bromomethylcyclopropane (I7.37g) was then added over 20 minutes 
and the reaction stirred for a further 140 minutes. The reaction was 
poured into a mixture of ice (100g) and water (900ml) and the mixture 
extracted with dichloromethane (2 x 400ml). The combined organic 
layers were washed with water (400ml) and the solvent removed under 
reduced pressure to give the title compound (45.4g). 
'H-NMR (CDCb): 6 = 0.3-0.4(m,2H), 0.55-0.65(m,2H). 1.05-1.15(m,1H). 
1.9-1.95(m,1H), 2.0-2.25(m.4H). 2.35-2.45(m.1H), 3.15-3.2(m,1H), 3.5- 
3.55(m,2H), 3.65-3.75(m,2H), 3.9-4.0(m,3H), 4.35-4.4(m,1H), 7.2- 
7.5(m,3H) ppm. 
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(d) SfSM-CfrcloDropvlmet^^ 

To a solution of the compound of Example 123(c) (73.16g, 190 mmol) in 
tetrahydrofuran (730ml) at 5°C was added 5N aqueous hydrochloric acid 
solution (730ml) over 20 minutes. The reaction mixture was stirred at room 
temperature for 17 hours. The tetrahydrofuran was removed under 
reduced pressure, the residue diluted with water (200ml) and extracted with 
ethyl acetate (2 x 500ml). The combined organic layers were then washed 
with water (500ml) and the solvent removed under reduced pressure to 
give the title compound (62. 1g). 

1 H-NMR (CDCb): 6 = 0.25-0.35(m,2H), 0.55-0.65(m,2H), 1.05*1.1(01,1 H) v 
2.15-2.25(m,3H), 2.35-2.5(m,1H), 2.65-2.75(m,1H), 2.95-3.05(m.1H), 3.15- 
3.2(m,1H), 3.45-3.6(m,2H), 3.95-4.0(m,1H), 7.2-7.45(m,3H), 9.5(s,1H) ppm. 

(e) 1 -AminggvlPhony»-4-b9nzYlpiP9rgg|n9 

A solution of 1-benzylpiperazine (5g, 28.4 mmol) and sulphamide (2.77g) in 
1 ,4-dioxane (25ml) was heated under reflux for 24 hours. The solution was 
cooled and poured into water (100ml). The solid was filtered off, washed 
with toluene (100ml) and dried under reduced pressure to give the title 
compound (4.75g). 

'H-NMR (de-DMSO): 6 = 2.41-2.5(m,4H), 2.95-3.0(m,4H), 3.5(s,2H) f 
6.75(s,2H), 7.25-7.35(m,5H) ppm. 

(f) 1 -ArTiin99VilphQpylpip9r^zinQ 

A mixture of the compound of Example 123(e) (20g, 78.3 mmol) and 10% 
w/w palladium-on-carbon (4g) in ethanol (140ml) was stirred under an 
atmosphere of hydrogen at 345 kPa (50 psi) and at 50°C for 23 hours. The 
catalyst was removed by filtration and washed with ethanol (100ml). 
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The filtrate was concentrated under reduced pressure to approximately 
40ml in volume and the slurry kept at 0-5 °C for 12 hours. The solid was 
filtered off to give a first crop of the title compound (2g). The catalyst 
separated earlier was heated under reflux in ethanol (150ml). The mixture 
was filtered whilst hot and the pad washed with ethanol (50ml). The 
solvent was removed under reduced pressure. The solid was slurried with 
acetone (100ml) and filtered off to give a second crop of the title compound 
(8g). 

'H-NMR (cfe-DMSO): 6 = 2.3-2.9(m,9H), 6.65(s.br..1H) ppm. 

(9) l-AminPSUlPhonvM-fl-dlnhftnvlmethx/la^ti d in-a-vnnir^rfl^tnA 

A solution of 1-diphenylmethyl-3-methanesulphonyloxyazetidine (see 
Preparation 54) (4.8g, 15.1 mmol) and 1-aminosulphonylpiperazine (see 
Example 123(f)) (5g) In acetonltrile (50ml) was heated under reflux for 4 
hours. The reaction was cooled and the solid filtered off and washed with 
acetonltrile (50ml). The filtrate was concentrated under reduced pressure 
and the residue slurried in hot toluene (50ml), cooled, the solid filtered off 
and washed with toluene (50ml). The product was then further purified by 
slurrying in hot ethyl acetate (3ml). cooling and filtering to give the title 
compound (0.47g). 

'H-NMR (de-DMSO): 5 = 2.25-2.3(m,4H). 2.7-2.75(m,2H), 2.85-2.95(m,3H). 
3.05-3.1(m,2H), 3.2-3.25(m.2H), 4.4(m,1H), 6.7(m,2H), 7.15-7.4(m,10H) 
ppm. 

(") 1-AminosulDhonvl-4-/azflti din-3-vnninflrazina dihvdrnrht on v ^ 

To a solution of the compound of Example 123(g) (5g) in methanol (50ml) 
was added 10% aqueous hydrochloric acid solution (9.4ml) and Pearlman's 
catalyst (20% w/w Pd(OH),ron-carbon) (0.6g). The mixture was shaken 
under an atmosphere of hydrogen using a Parr shaker for 14 hours. 
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After this time the catalyst was removed by filtration, the filtrate returned 
to the Parr shaker and a further 0.6g of Peadman's catalyst added. The 
reaction was shaken under an atmosphere of hydrogen for 14 hours. 
The catalyst was removed by filtration and washed with water (100ml). 
The filtrate was concentrated under reduced pressure. The residue was 
stirred in acetonltrile (50ml) for 1 hour and the mixture left to stand for 14 
hours. The solid was filtered off and dried under reduced pressure to 
give the title compound (3.28g). 

'H-NMR (da-DMSO): 6 = 2.35-2.45(m,5H), 2.9-3.0(m,4H), 3.25- 
3.35(m,1H). 3.75-3.9(m,4H), 6.8(s,br..2H) ppm. 

(i) 5rs^-5-r2-r3-f4 -AminosulphonylPi P era2in-1-vnazetidin-1-vnethvl)-1- 
c V clopropvlmethvl-5.f3.4-dic hlQroDhenvl>-2-DiDeridone 
To a solution of the compound of Example 123(h) (18.97g) in 
tetrahydrofuran (140ml) at room temperature was added triethylamine 
(18ml) and the mixture stirred for 30 minutes. A solution of the 
compound of Example 123(d) (20g) in tetrahydrofuran (60ml) was then 
added. After 2 hours, the solution was cooled to 2°C and sodium 
triacetoxyborohydride (17.44g) was added, portionwise, followed by 
acetic acid (3.37ml) and the reaction was allowed to warm to room 
temperature and stirred for 2 hours. The reaction was poured into water 
(50ml) and a 10% w/w aqueous sodium bicarbonate solution was added 
until pH9 was achieved. Ethyl acetate (200ml) was added and the layers 
separated. The aqueous phase was extracted with ethyl acetate (50ml), 
the combined organic extracts were washed with a 10% w/w aqueous 
sodium bicarbonate solution (100ml) and the solvent was removed under 
reduced pressure to give the title compound (28.27g). 
'H-NMR - as for the compound of Example 32. 
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PHARMACOLOGICS! HAJ A 

A representative selection of the compounds of the Examples were 
tested inyjlcQ for their affinity to the human NK 2 receptor by testing their ability 
to compete with [ 126 IJ NKA for binding to membranes prepared from Chinese 
hamster ovary cells expressing the cloned human NKa receptor (Method A) and 
for their ability to antagonise the contractile effects of [BAJa 8 ] NKA^o, in the 
rabbit pulmonary artery (Method B) by the methods described on pages 40 and 
41 of the specification. 

The results are tabulated below: 



EXAMPLE NO. 


METHOD A 

tolCto) 


METHOD B 
(2M 


14 


7.2 


7.9 


31 


9.0 


8.3 


73 


9.5 


8.9 


75 

(enantiomeric Dair A) 


8.3 


9.1 


89 


8.2 


8.6 


104 


8.8 


9.2 
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The following Preparations illustrate the preparation of certain starting 
materials used in the syntheses of the compounds of the preceding Examples. 

PREPARATION 1 
2-(3.4-PiChlorODhenvn-4-ftetrahvdroDvran-2- vloxv^butanenitrilfl 
To a mixture of 60% w/w sodium hydride dispersion in oil (19.24 g, 1.05 mol. 
equiv.) in dry tetrahydrofuran (450 ml) at 0 Q C under nitrogen was added a 
solution of 3,4-dichlorophenylacetonitrile (89.5 g, 1 mol. equiv.) in dry 
tetrahydrofuran (450 ml), dropwise over forty minutes. After a further thirty 
minutes, a solution of 2-bromoethoxytetrahydropyran (100 g, 1 mol. equiv.) in 
tetrahydrofuran (100 ml) was added and the mixture allowed to warm to room 
temperature and stirred for fourteen hours. 30% Aqueous ammonium chloride 
solution (500 ml) was added and the mixture extracted with diethyl ether (2 x 
400 ml). The organic layers were combined and washed with water (2 x 400 
ml), dried over magnesium sulphate, and the solvent removed under reduced 
pressure. The residue was then chromatographed using silica gel eluting with 
a solvent gradient of diethyl ether.hexane (1:9 to 1:1, by volume) to give the 
title compound (51 g). TLC Rf=0.55 (silica, methyl tert-butyl ethenhexane, 1:1, 
by volume). LRMS m/z=333 (m + NHJ*. 

'H-NMR (CDCl3):6=1.5-1.9 (m.6H), 2.05-2.3 (m,2H), 2.4-2.65 (m,2H), 2.8-2.95 
(m,2H), 4.0-4.1 (m,1H), 4.5-4.6 (m,1H), 7.2-7.25 (m,1H), 7.25-7.5 (m,2H), ppm. 
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PREPARATION ? 

Ethyl 4-CYflno-4-(3 l 4-(1iohloroph9nvn-^rtfttmhvdr Q nvr a n.9. v i ^ )h fr nn ^ ntn 
To a solution of diisopropylamine (15 ml, 0.77 moL equiv.) in tetrahydrofuran (80 
ml) at -78-C under nitrogen was added n-butyllithium (77.3 ml of a 2.5 M solution 
in hexane, 1.4 mol. equiv.) and the solution was then allowed to warm to room 
temperature over two hours. The solution was cooled to -78*C and a solution of 
the compound of Preparation 1 (43.9 g, 138 mmol) in tetrahydrofuran (180 ml) 
was added slowly. The resulting solution was allowed to warm to room 
temperature slowly over two hours. The solution was then cooled to -78-C and 
a solution of ethyl 3-bromopropanoate (22.36 ml, 1.3 mol. equiv.) in 
tetrahydrofuran (70 ml) added dropwise. Tetra-n-butylammonium iodide (50 g, 
1 mol. equiv.) was then added, the reaction allowed to warm to room temperature 
and stirred for fourteen hours. Water (10 ml) was then added and the solution 
concentrated under reduced pressure. Water (400 ml) and brine (400 ml) were 
added and the mixture extracted with ethyl acetate (2 x 500 ml). The combined 
organic layers were washed with water (2 x 300 ml), dried over magnesium 
sulphate, and the solvent removed under reduced pressure. Chromatography 
using silica gel eluting with diethyl ethenhexane (1:1. by volume) gave the title 
compound (35 g).TLC R, = 0.30 (silica, diethyl ethenhexane. 1:1 , by volume) 
'H-NMR (CDCI 3 ):c-1.25 (t.3H), 1.35-1.8 (m,6H). 2.0-2.55 (m.6H). 3.3-3.45 
(m.2H). 3.65-3.8 (m,2H). 4.0-4.1 (m.2H), 4.4-4.5 (m.lH). 7.2-7.55 <m,3H) ppm. 
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PREPARATION a 

5-f3.4-DichloroDhQnvlV5-f2-rtetrahvdrQpyran-2-ylnxylftt hyl)-gf1H)-piperidQne 
The compound of Preparation 2 (18.7 g, 45.2 mmol) was dissolved in saturated 
ammoniacal ethanol solution (500 ml) which contained Raney nickel (3.5 g). The 
mixture was stirred under hydrogen at atmospheric pressure for seven hours. 
The catalyst was then removed by filtration, the ethanol removed under reduced 
pressure and the residue chromatographed using silica gel eluting initially with 
diethyl ether and then with methanohdichloromethane (1:9, by volume) to give the 
title compound (10.4 g). TLC R,=0.45 (silica, methanofcdichloromethane, 1:9, by 
volume). LRMS m/z =372(m+1)\ 

1 H-NMR (CDCl3):6=1.4-1.8 (m,6H), 1.9-2.1 (m,5H), 2.3-2.45 (m,1H), 3.0-3.2 
(m,1H), 3.0-3.2 (m,1H), 3.35-3.85 (m,4H), 4.35-4.4 (m,1H), 6.05 (s,br.,1H), 7.15- 
7.45 (m,3H) ppm. 



PREPARATION 4 
5-f3.4-DichloroDhenvn-5-f2-hvdrowethvn-2MHVpiPQridone 
To a saturated solution of hydrogen chloride in methanol (350 ml) at room 
temperature was added the compound of Preparation 3 (10.4 g, 28 mmol). 
Hydrogen chloride gas was then bubbled through the solution with stirring for 
forty minutes and the reaction then left to stir at room temperature for fourteen 
hours. The solvent was removed under reduced pressure. Saturated aqueous 
sodium bicarbonate solution (300 ml) was added and the aqueous phase 
extracted with ethyl acetate (4 x 300 ml). The combined organic layers were 
dried over magnesium sulphate, filtered, and the solvent removed under 
reduced pressure to give a white solid. This was crystallised from ethyl 
acetate to give the title compound (5.5 g). TLC R,=0.23 (silica, methanol: 
dichloromethane, 1:9, by volume), m.p. 167-168°C. LRMS m/z=288(m+1) + . 
Found: C, 54.02; H. 5.03; N, 4.52. C 13 H 16 CI 2 N0 2 requires C, 54.18; H, 5.25; N, 
4.84%. 

1 H-NMR (d 6 -DMSO):6=1 .7-2.2 (m,6H), 3.1-3.15 (m,2H), 3.25-3.3 (m,1H), 3.6- 
3.7 (m,1H), 4.3-4.35 (m,1H), 7.35-7.65 (m,4H) ppm. 
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PREPARATION S 

To a solution of the compound of Preparation 4 (5.44 g, 18.9 mmol) in dry 
dichloromethane (100 ml) was added triethylamine (3.95 ml, 1.5 mol. equiv.) 
and the solution cooled to 0°C. Methanesulphonyl chloride (1.9 ml, 1.3 mol. 
equiv.) was then added and the reaction allowed to warni to room temperature 
and stirred for 2.5 hours. The reaction was washed with water (3 x 200 ml), 
dried over magnesium sulphate, filtered and the solvent removed under 
reduced pressure to give the title compound (7.1 g). TLC R«=0.24 (silica, 
methanohdichloromethane, 1:19, by volume). 

'H-NMR (CDCI 3 ):0=2.0-2.5 (m,6H). 2.9 (s,3H), 3.45-4.1 (m,4H), 6.7 (s.br.,1H), 
7.2-7.5 (m,3H) ppm. 

PREPARATION ft 
5-(3 . 4-PifihlomPhenvl)-f>-formvlmftthvi-PM H VDioflririnn ft 
To a solution of oxafyl chloride (1.6 ml. 1.1 mol.equiv.) in dry dichloromethane 
(200 ml) at -78«C was added dry dimethylsulphoxide (3.0 ml. 2.4 mol. equiv.), 
dropwise. and the solution allowed to stir for one hour. A solution of the 
compound of Preparation 4 (5 g) in a mixture of dichloromethane (100 ml) and 
dry dimethylsulphoxide (10 ml) was then added, dropwise over fifteen minutes, 
and the mixture allowed to stir at -78»C for one hour. Triethylamine (12 ml. 5 
mol. equiv.) was then added and the mixture allowed to warm to room 
temperature over four hours. Water (25 ml) was added and the mixture 
extracted with dichloromethane (3 x 100 ml). The combined organic layers 
were dried over magnesium sulphate, filtered and the solvent removed under 
reduced pressure to give a gum which was chromatographed using silica gel 
eluting with a solvent gradient of methanolrdichloromethane (1:49 to 1:5, by 
volume) to give the title compound (1 .09 g). 

'H-NMR (CDCI 3 ):5=2.05-2.2 (m, 2 H). 2.35-2.5 (m,1H), 2.7-2.75 (m.1H). 2.95- 
3.0 (m.1H). 3.45-3.6 (m.2H). 3.85-3.9 (m.1H). 6.0 (s,br..1H), 7.2-7.45 (m,3H). 
9.5 (m,1H) ppm. 
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PREPARATION 7 

5-f3.4-DichlQroDhenvl>-1-M-DhenylbQ n2vn-5W2-[tetrahydropyran-2-oxylQthyn- 
2-piperidona 

5 To a solution of the compound of Preparation 3 (500 mg, 1.34 mmol) in dry 

dimethylformamide (10 ml) at room temperature under nitrogen was added 
60% w/w sodium hydride dispersion in oil (54 mg. 1.05 mol. equiv.) and the 
mixture allowed to stir at room temperature for one hour. A solution of 
4-phenylbenzyl bromide (365 mg, 1.1 mol. equiv.) in dimethylformamide (1 ml) 

10 was then added dropwise and the mixture allowed to stir at room temperature for 

two hours. Water (2 ml) was then added followed by saturated aqueous sodium 
bicarbonate solution (10 ml) and saturated ammonium chloride solution (10 ml). 
The mixture was then extracted with ethyl acetate (3 x 50 ml) and the combined 
organic layers were washed with saturated aqueous ammonium chloride solution 

15 (2 x 50 ml). The organic phase was dried over magnesium sulphate, filtered, and 

the solvent removed under reduced pressure to give a white foam. This crude 
product was then chromatographed using silica gel eluting with ethyl acetate to 
give the title compound (456 mg). TLC Rf=0.47 (silica, ethyl acetate). 
'H-NMR (CDCIa):6=1.5-1.8 (m,6H), 1.8-2.05 (m,2H), 2.05-2.2 (m,3H), 2.4-2.55 

20 (m,1H), 2.85-3.1 (m,1H), 3.3-3.75 (m,4H), 3.75-3.85 (m.1 H), 4.2-4.4 (m,2H), 5.0- 

5.1 (d,1H), 6.8-6.9 (t.1H). 7.05-7.1 (d,1H), 7.2-7.3 (m.1H), 7.3-7.5 (m,5H), 7.55- 
7.65 (m,4H) ppm. 



PREPARATION ft 

25 5-f4-ChloroDhenvn-1-fcvclohexvlmflthyn-5-r2-h y drox yethvn-2-pinflridnnft 
To a methanolic solution (20 ml) of the compound of Preparation si (1 g, 1 mol. 
equiv.) was added Amberiyst H-15 (trade mark) ion exchange resin (0.33 g, 0.33 
w/w equiv.) and the reaction stirred for twenty hours at room temperature. The 
resin was removed by filtration and the methanol removed from the filtrate under 

30 reduced pressure. The residue was dissolved in ethyl acetate (20 ml) and the 

mixture washed with water (5 ml) and brine (5 ml). The organic layer was dried 
using anhydrous magnesium sulphate, filtered and the filtrate evaporated to 
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dryness under reduced pressure to give the title compound as a white solid 
(0.81 g) which was used without further purification. TLC R,=0.7 (silica, 
methanol: dichloromethane, 1:9 by volume). LRMS m/z=350(m+1 )♦. 

5 

PREPARATION Q 
Ethvl 4.4-difluorocvclohexanBr.a rboxylate 
To a solution of diethylaminosulphur trifluoride (7.76 ml, 2 mol. equiv.) in 
carbon tetrachloride (75 ml) at 0°C was added ethyl 4- 
10 oxocyclohexanecarboxylate (5 g, 29.4 mmol), dropwise, and the mixture was 

allowed to stir at room temperature for fourteen hours. 

Water (50 ml) was then added carefully. The organic phase was washed with 
water (3 x 50 ml), dried over anhydrous magnesium sulphate, filtered and the 
solvent removed under reduced pressure to give the title compound as a 
15 yellow oil (1 .96 g) which was purified by distillation. 

1 H-NMR (CDCI 3 ):6=1 .2-1.3 (t,3H), 1.65-1.9 (m,4H), 1.95-2.2 (m,3H), 2.2-2.45 
(m,2H), 4.05-4.2 (q,2H) ppm. 



PREPARATION 10 

20 4.4-PifluorocvclQhexylmftthanr>l 

To a stirred suspension of lithium aluminium hydride (350 mg) in dry diethyl 
ether (30 ml) at 0°C under nitrogen was added a solution of the compound of 
Preparation 9 (1.96 g) in dry diethyl ether (15 ml), dropwise. The mixture was 
then allowed to stir for one hour. Water (0.5 ml) was then added followed by 

25 2N aqueous sodium hydroxide solution (0.5 ml) and then water (0.5 ml). The 

inorganic solids were removed by filtration and the filtrate concentrated under 
reduced pressure to give the title compound as a colourless oil (1.59 g). 
1 H-NMR (CDCI 3 ):6=1.15-1.4 (m,2H), 1.4-1.5 (m,2H), 1.5-1.7 (m,1H), 1.7-2.0 
(m.3H), 2.0-2.3 (m,2H), 3.45-3.6 (m,2H) ppm. 



30 
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PREPARATION 11 
4A-nifliiQro-1-U -mflthylph6nvlsulDhonvloxviitethvl)cvclQhexanfl 
To a solution of the compound of Preparation 10 (500 mg. 3.33 mmol) in 
dichloromethane (10 ml) at room temperature was added triethylamine (0.62 ml. 
1.5 mol. equiv.) followed by p-toluenesulphonyl chloride (570 mg, 1 mol. equiv.) 
and the reaction mixture allowed to stir for fourteen hours. Water (25 ml) was 
then added, the layers separated, the organic phase further washed with water 
(2 x 25 ml) and the organic layer dried over anhydrous magnesium sulphate. The 
solution was filtered and the solvent removed under reduced pressure. The crude 
product was then passed through a short pad of silica eluting with diethyl 
ethenhexane (1:4, by volume). The solvent was removed from the eluted fraction 
under reduced pressure and the product crystallised by trituration using hexane 
to give the title compound as a white solid (100 mg). 

1 H-NMR (CDCI 3 ):6=1 .2-1.35 (m,2H). 1.55-1.7 (m.1H), 1.7-1.85 (m.4H), 2.0-2.15 
(m,2H), 2.45-2.5 (s,3H), 3.85-3.9 (d,2H), 7.3-7.4 (d,2H). 7.75-8.0 (d.2H) ppm. 

PREPARATION 12 

5-(3.4-DichloroDhenvn-l-f4.4-difluo rocyclohexvlmethvn-5-(2-rtetrahvdropvran- 
2-oxy]ethyh-2-piperidone 

To a solution of the compound of Preparation 3 (121 mg, 0.33 mmol) in dry 
dimethylform amide (3 ml) under nitrogen was added 60% w/w sodium hydride 
dispersion in oil (14 mg) and the mixture was allowed to stir at room 
temperature for forty-five minutes. To this mixture was added the compound of 
Preparation 10 (99 mg, 1 mol. equiv.) and the mixture heated at 50°C for five 
hours. To effect a more complete reaction a further portion of 60% w/w sodium 
hydride dispersion in oil (7 mg, 0.5 mol. equiv.) was added and the reaction 
heated at 50°C for a further three hours. Water (1 ml) was then added and the 
mixture evaporated to dryness under reduced pressure. The residue was then 
dissolved in ethyl acetate (20 ml) and the organic phase washed with water (2 x 
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20 ml). The organic phase was then dried over anhydrous magnesium sulphate, 
filtered and the solvent removed under reduced pressure to give a gum. This was 
purified by column chromatography using silica gel eluting with a solvent gradient 
of dichloromethanermethanol (100:0 to 9:1, by volume) to give the title compound 
(80 mg). LRMSm/z=506(m+1)\ 

'H-NMR (CDCI 3 ):6=1.15-1.6 (m,8H), 1.6-1.9 (m,5H), 1.9-2.3 (m,7H), 2.4-2.5 
(m,1H), 3.0-3.3 (m,2H), 3.3-3.6 (m,4H) t 3.6-3.8 (m,2H), 4.3-4.4 (m,1H), 7.05-7.15 
(d,1H), 7.3-7.4 (s,1H), 7.4-7.45 (d,1H) ppm. 



PREPARATION 13 
MethanesulnhonvloxymAthy lcvcloheptanft 
To a solution of cycloheptylmethanol (1.0 g, 7.81 mmol) in dichloromethane 
(20 ml) at 0*C under nitrogen was added triethylamine (1.63 ml, 1.5 mol. 
equiv.) Methanesulphonyl chloride (0.73 ml, 1.2 mol. equiv.) was added, 
dropwise, and the reaction allowed to stir for two hours at room temperature. 
Water (50 ml) and dichloromethane (50 ml) were added. The organic phase 
was separated, washed with water (2 x 50 ml) and then dried over anhydrous 
magnesium sulphate. The solution was then filtered and the solvent removed 
under reduced pressure to give the title compound as an oil (1.66 g). 
'H-NMR (CDCI 3 ):6=1. 15-1.3 (m,2H), 1.4-1.6 (m,6H), 1.6-1.8 (m.4H), 1.85-2.0 
(m,1H), 2.95-3.0 (S.3H), 3.95-4.05 (d,2H) ppm. 
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PREPARATIONS 14 to 16 
The compounds of the following tabulated Preparations of the general 
formula: 




oO 



R 



were prepared by a similar method to that used in Preparation 1 using the 
appropriate acetonitrile derivative starting materials. 
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PREPARATIONS 17 to 19 
The compounds of the following tabulated Preparations of the general 
formula: 



CH2CH2CO2CH2CH3 



10 




were prepared by a similar method so that used in Preparation 2 using 
the appropriate butanenitrile derivative starting materials (see 
15 Preparations 14 to 16). 
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PREPARATIONS 20 to 22 



The compounds of the following tabulated Preparations of the general 
5 formula: 



o 



15 



were prepared by a similar procedure to that used in Preparation 3 using 
the appropriate butanoate derivative starting materials (see Preparations 
17 to 19). 
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Analysis/'H-NMR 


H-NMR (CDC! 3 ):5=1.45-1.75 (m,5H), 1.85-2.15 (m,5H), 
2.35-2.45 (m,1H), 3.0-3.15 (m,1H), 3.35-3.55 (m,4H), 
3.65-3.8 (m,2H), 4.35-4.4 (m,1H), 5.95 (br.s,1H), 7.05-7.2 
(m,3H) ppm. 


H-NMR (CDCI 3 ):5=1.4-1.8 (m,6H), 1.9-2.0 (m,1H), 2.05- 
2.25 (m,4H), 2.3-2.4 (m,1H), 3.0-3.2 (m,1H), 3.4-3.6 
(m,3H), 3.65-3.85 (m,2H), 4.3-4.4 (m,1H), 6.2 (br.s,1H), 
7.15-7.3 (m,4H) ppm. 


'H-NMR (CDCI 3 ):6=1.4-1.8 (m,6H), 1.9-2.45 (m,6H). 3.0- 
3.1 (m,1H), 3.35-3.85 (m,5H), 4.35-4.4 (m,1H), 6.05 
(br.s,1H), 7.25-7.35 (m,4H) ppm. 


LRMS 
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Footnotes 

1. Reaction carried out at about 414kPa (60psi) and 50°C. 
5 2. Reaction carried out at 50°C. 
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PREPARATIONS P3 to u 

The compounds of the following tabulated Preparations of the general 
5 formula: 




15 



were prepared by a similar method to that of Preparation 4 using the 
appropriate tetrahydropyran derivative starting materials (see 
Preparations 7, 12,44 to so and 52). 
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Analysis/ 1 H-NMR 


'H-NMR (CDCI 3 ):6= 1.8-2.25 (m,5H), 2.4- 
2.55 (m,1H), 3.2-3.4 (m,4H), 3.7-3.8 
(m,1H), 4.35 (d,lH), 4.95 (d,1H), 6.85- 
7.65 (m,12H) ppm. 


'H-NMR (d e -DMSO):6=1.05-1.25 (m,2H), 
1.6-2.05 (m,9H), 2.15-2.3 (m,2H), 3.0-3.2 
(m,3H), 3.2-3.3 (m,3H), 3.4-3.5 (m,1H), 
3.65-3.75 (m,1H), 4.35-4.45 (m,1H), 7.3- 
7.4 (d,1H), 7.55-7.65 (m,2H) ppm. 


'H-NMR (CDCI 3 ):5=1.1-1.15 (m,1H), 1.8- 
2.0 (m,2H), 2.0-2.3 (m,3H), 2.4-2.5 
(m,1H), 3.2-3.5 (m,3H). 3.6-3.8 (m,1H), 
4.4(d,1H), 4.85 (d,1H), 6.75-6.85 
(m,1H), 7.1-7.5 (m,7H) ppm. 
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PREPARATIONS U ttUfi 
The compounds of the following tabulated Preparations of the general 
formula: 




were prepared by a similar method to that used in Preparation 5 using the 
appropriate ethanol derivative starting materials (see Preparations 8, 

27 tO 30 and 32) . 
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PREPARATini^Q fft n 

The compounds of the following tabulated Preparations of the general 
formula: 



10 




o 



were prepared by a similar method to that used in Preparation 6 using the 
appropriate ethanol derivative starting materials (see Preparations 23 to 
26 and 31). 



WO 96/05193 



166 



PCT/EP95/03054 




WO 96/05193 



PCT/EP95/03054 



167 




PCT/EP9S/03054 

WO 96/05193 

168 

PREPARATIONS 44 to 5 2 
The compounds of the following tabulated Preparations of the general 
formula: 

5 



10 




were prepared by a similar method to that used in Preparation 7 using the 
15 appropriate 2(1 H)-piperidone derivatives (see Preparations 3, 20, 21 and 

22) and alky I bromides as the starting materials. 
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PREPARATION 5 3 
1 -DiDhQnvlmethyl azetidin-3-ol 
A solution of benzhydrylamine (200 ml, 1.16 mol) and epichlorohydrin 
5 (186 ml, 1 mol. equiv.) in methanol (600 ml) was stirred at room 

temperature for five days and then heated at 40oC for two days. The 
solvent was then removed under reduced pressure, the residue 
dissolved in isopropyl alcohol (500 ml) and the solution heated under 
reflux for six hours. The solution was cooled to room temperature and 

10 the precipitate filtered off. This solid was partitioned between 

dichloromethane (400 ml) and saturated aqueous sodium bicarbonate 
solution (500 ml). The aqueous phase was extracted with 
dichloromethane (2 x 400 ml) and the combined organic phases dried 
over magnesium sulphate. The solution was then filtered and the solvent 

15 removed from the filtrate under reduced pressure to give the title 

compound (86 g) as a crystalline solid. 

1 H-NMR (CDCIa): 5 = 1.8-2.3 (s,br,1H), 2.85-2.9 (m,2H), 3.5-3.55 (m,2H), 
4.35 (s,1H), 4.4-4.5 (m,1H), 7.15-7.4 (m,10H) ppm. 

20 PREPARATION 54 

1-DiDhenvlmethvt-3-methanesulphonylo xya2etidine 
To a solution of 1-diphenylmethylazetidin-3-ol (see Preparation 53 ) 
(65.9g, 275.7 mmol) in dry dichloromethane (700 ml) at 0°C under 
nitrogen was added triethylamine (57 ml, 1.5 mol. equiv.). After five 

25 minutes, methanesulphonyl chloride (25.6 ml, 1.2 mol. equiv.) was 

added and the mixture stirred for one hour. Water (300 ml) was then 
added and the mixture extracted with dichloromethane (3 x 300 ml). 
The combined organic layers were dried over magnesium sulphate. 
The solution was then filtered and the solvent removed from the filtrate 

30 under reduced pressure. The residue was chromatographed using silica 
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gel eluting with methanokdichloromethane (1.49, by volume) to give the 
title compound (73.4g) as a solid. 

1 H-NMR (CDCIa): 6 = 2.95 (s,3H), 3.15-3.25 (m,2H), 3.6-3.65 (m,2H), 4.4 
(S.1H), 5.05-5.15 (m,1H), 7.15-7.4 (m,10H) ppm. 

PREPARATION! ^ 

l-DiDhenvlmethvl-3-mnrnh onnoazfttiftinft 
A solution of 1-diphenylmethyl-3-methanesulphonyloxyazetidine (see 
Preparation 54) (24.46 g, 7.72 mmol), potassium carbonate (32 g, 3 
mol. equiv.) and morpholine (7.34 ml, 1.09 mol. equiv.) in acetonitrile 
(200 ml) was heated under reflux for four hours. The solution was then 
cooled to room temperature, water (50 ml) added and the mixture 
concentrated under reduced pressure. The residue was partitioned 
between ethyl acetate (400 ml) and water (400 ml) and the organic 
phase separated and washed with water (2 x 400 ml). The organic 
phase was dried over magnesium sulphate, filtered and the solvent 
removed from the filtrate under reduced pressure. The residue was then 
chromatographed using silica gel eluting with hexane:diethyl ether (1:1, 
by volume) to give the title compound (16.5 g). 

'H-NMR (CDCg: 5 = 2.25-2.3 (m,4H), 2.85-3.05 (m,3H), 3.35-3.4 (m,2H), 
3.7-3.75 (m.4H), 4.45 (s,1H), 7.15-7.45 (m,10H) ppm. 

PREPARATION 56 
3-Morpholinoazetidine dihvdronhinriria 
A mixture of 1-diphenylmethyl-3-morpholinoazetidine (see Preparation 
55) (18.6 g, 60.4 mmol), palladium hydroxide (2 g), ethanol (200 ml) 
and 1N aqueous hydrochloric acid solution (52 ml) was stirred under an 
atmosphere of hydrogen at 345kPa (50 p.s.i.) for three days. The 
catalyst was then removed by filtration and the filtrate evaporated to 
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dryness. Addition of dichloromethane (100 ml) to the residue and 
trituration yielded a solid which was recrystallised from methanol to give 
the title compound (1 0.2 g) as a crystalline solid. LRMS m/z=1 79(m+1 )*. 
5 (N.B. The monohydrochloride, used instead of the dihydrochloride in 

some reactions, can be similarly prepared using one molar equivalent of 
hydrogen chloride. 

PREPARATION 5 7 
'0 3-Cvano-1-fdiphenylmftthyhazetidine 

To a solution of the compound of Preparation 54 (10 g. 31.5 mmol) in 
dimethytformamide (100 ml) was added a solution of sodium cyanide 
(4.63 g, 3 mol. equiv.) in water (50 ml) in five portions over two 
minutes. The mixture was then heated at 70"C for sixteen hours. The 
15 reaction was cooled to room temperature and then poured into an ice- 

water mixture (300 ml). The brown solid that formed was removed by 
filtration, dissolved in dichloromethane and the solution dried over 
anhydrous magnesium sulphate. The solution was filtered and the 
solvent removed from the filtrate under reduced pressure. The residue 
20 was then chromatographed using silica gel eluting with ethyl 

acetate:hexane (1 :3, by volume) to give the title compound (5.9 g). 
1 H-NMR (CDCI 3 ):5=3.2-3.35 (m,3H), 3.45-3.5 (m,2H), 4.4 (s,1H), 7.15- 
7.45 (m,10H) ppm. 



25 PREPARATION 58 

1 -( Diphenvlmethynazetidine-3-ca rboxvlic acid 
To a suspension of the compound of Preparation 5 7 (5.9 g, 23.8 mmol) 
in n-butanol (60 ml) was added a solution of potassium hydroxide (4.8 
g) in water (9 ml), dropwise over three minutes. The mixture was then 

30 heated at 90-1 00°C for twenty hours. The reaction was cooled to 
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room temperature and the solvent removed under reduced pressure. The 
residue was poured into ethyl acetate (100 ml) and water (100 ml). The 
aqueous layer was separated and filtered, then acidified to pH4 using 2N 
5 aqueous hydrochloric acid solution. The precipitated white solid was 

filtered off, washed with ethyl acetate (15 ml) and dried under reduced 
pressure to give the title compound (3.5 g). LRMS m/z=268(m+1)*. 
'H-NMR (deDMSO):5=3.1-3.3 (m,5H), 4.4 (br.s,1H). 7.15-7.4 (m.10H), 
12.3 (br.s,1H) ppm. 

10 

PREPARATION 59 
1-PiPhenvlmflthVl-3-fN-r2-hvriroxvflthylT-N- m ethvlnarh a mn V |^azetidinft 
A mixture of 1-diphenylmethylazetidine-3-cart>oxylic acid (see 
Preparation 58) (1.8 g, 6.73 mmol), 2-methylaminoethanol (0.76 g, 1.5 

15 mol. equiv.), W3-dimethylaminopropyl]-3-ethylcarbodiimide 

hydrochloride (1.27 g, 1.1 mol. equiv.), 1-hydroxybenzotriazole hydrate 
(1.08 g, 1.05 mol. equiv.) and N-methylmorpholine (1.5 g, 2.2 mol. 
equiv.) in dry dichloromethane (50 ml) was stirred at room temperature 
for sixteen hours. The solvent was removed under reduced pressure 

20 and the residue partitioned between ethyl acetate (50 ml) and 

saturated aqueous sodium bicarbonate solution (50 ml). The layers 
were separated and the aqueous layer further extracted with ethyl 
acetate (30 ml). The combined organic layers were dried over 
anhydrous sodium sulphate. The solution was filtered, the solvent 

15 removed from the filtrate under reduced pressure and the residue 

chromatographed using silica gel eluting with 
methanolrdichloromethane (7:93, by volume) to give the title 
compound (1.76 g). TLC Rf 0.3 (silica, methanohdichloromethane, 
7:93, by volume). LRMS m/z=325(m+1) + . Found C, 71.99; H, 7.60; N, 

$0 8.47. 0^2^202.0.13 CH 2 CI 2 requires C, 72.14; H, 7.30; N, 8.36%. 



WO 96/05193 



PCT/EP95/03054 



178 

1 H-NMR (CDCy:5=2.85-2.95 (m,5H), 3.2-3.35 (m,2H), 3.45-3.55 (m,4H), 
3.65-3.8 (m,2H), 4.4 (s,1H), 7.15-7.45 (m f 10H) ppm. 

5 PREPARATION so 

1-DiphenvlmQthYl-3-(N-^ 

To a solution of the compound of Preparation 59 (0.93 g, 2,87 mmol) in 
tetrahydrofuran (12 ml) at 0°C under nitrogen was added, in two 
portions, 60% w/w sodium hydride dispersion in oil (0.126 g, 1.1 mol. 
10 equiv.). After thirty minutes stirring, methyl iodide (0,197 ml, 1.1 mol. 

equiv.) was added and the mixture stirred for sixteen hours. 

The solvent was removed under reduced pressure and the residue 
partitioned between ethyl acetate (50 ml) and saturated aqueous 

15 sodium bicarbonate solution (50 ml). The organic layer was dried over 

anhydrous sodium sulphate, filtered and the solvent removed under 
reduced pressure to give an oil. This crude product was purified by 
column chromatography using silica gel eluting with 
methanol:dichloromethane (1:19, by volume) to give the title 

20 compound (0.95 g). TLC Rf=0.45 (silica, methanol: dichloromethane, 

1:19, by volume). LRMS m/z=339 (m+1)*. Found: C, 72.42: H, 7.60; 
N, 7.89. C^H^O^O.IS CH 2 CI 2 requires C, 72.69; H, 7.58; N, 8.03%. 
1 H-NMR (CDCI 3 ):6=2.9-2.95 (m,3H), 3.2-3.35 (m,6H), 3.4-3.55 (m,6H), 
4.4 (m,1H), 7.1-7.45 (m,10H) ppm. 

25 

PREPARATION 6 1 
N-f2-Methoxvethvn-N-methylcarbamoylazetidine dihydrochloride 
To a solution of the compound of Preparation 60 (473 mg, 1.4 mmol) in 
dichloromethane (5 ml) at 0°C under nitrogen was added alpha- 

30 
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chloroethyl chloroformate (0.22 ml, 1.1 mol. equlv.), dropwise. After 
twenty minutes, a further portion of alpha-chloroethyl chloroformate 
(0.1 ml, 0.5 mol. equiv.) was added and the reaction allowed to warm 
to room temperature over twenty minutes. After this time, the solvent 
was removed under reduced pressure, the residue dissolved in 
methanol (7.5 ml) and potassium carbonate (620 mg, 3 mol. equiv.) 
was added. The mixture was then heated under reflux for one hour. 
The reaction mixture was cooled to room temperature, filtered and the 
filtrate acidified to pH 3 using ethereal HCI. The solid was removed by 
filtration. The solvent was removed from the filtrate under reduced 
pressure to give a gum which was washed several times with diethyl 
ether and dried under reduced pressure to give the title compound as a 
crude product (0.35 g) that was used directly. 



The compounds of the following tabulated Preparations of the general 
formula: 



were prepared by a similar procedure to that of Preparation 59 using 1- 
diphenylmethylazetidine-3-carboxylic acid and the appropriate amine as 
starting materials. 



15 



PREPARATI ONS 62 to 6 4 



20 




25 
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PREPARATION^ 5 jp68 
The hydrochloride salts of the compounds of the following tabulated 
Preparations of the general formula: 



HN > — x 1 -! 

\/ 



were prepared using a similar method to that of Preparation 6 1 using the 
appropriate azetidine starting materials (see Preparations 62 to64 and 105) . 
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Analysis/'H-NMR 
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PREPARATION 69 
1-ft-Buto xycarbonyn-3-f3-hydroxypiperidyl)azetidine 
A mixture of 1 -(t-butoxycarbonyl)-3-methanesulphony loxyazetidine 
(see International Patent Application Publication no. WO93/19059) 
(1.5 g, 4.78 mmol) and 3-hydroxypiperidine (1.9 g, 4 mol. equiv.) was 
heated at 110°C for sixteen hours. The mixture was cooled to room 
temperature and partitioned between ethyl acetate (100 ml) and 5% 
aqueous sodium bicarbonate solution (100 ml). The layers were 
separated and the aqueous phase was extracted with a further portion 
of ethyl acetate (100 ml). The combined organic layers were dried 
over anhydrous magnesium sulphate. The solution was filtered, the 
solvent removed from the filtrate under reduced pressure and the 
crude product purified by column chromatography using silica gel 
eluting with methanolrdichloromethane (1:9, by volume) to give the title 
compound (1.4 g). TLC Rf = 0.3 (silica, methanolrdichloromethane, 
1:9, by volume). 

1 H-NMR (CDCI 3 ):6=1.45 (s,9H), 1.5-1.85 (m f 6H), 2.15-2.45 (m,4H), 
3.05-3.15 (m,1H), 3.25-3.95 (m,4H) ppm. 

PREPARATION vo 
3-f3-HvdroxvpiDeridvhazetidine bistrifluoroacetate 
To a solution of the compound of Preparation 6 9 (1.4 g, 5.8 mmol) in 
dichloromethane (10 ml) at 0°C under nitrogen was added 
trifluoroacetic acid (5 ml), dropwise. The mixture was then allowed to 
warm to room temperature and stirred for one hour. The mixture was 
concentrated under reduced pressure, the resulting gum washed with 
diethyl ether, then triturated with diethyl ether and filtered to give the 
title compound as a white solid (1.2 g). Found: C, 37.32; H, 4.73; N, 
7.03. C B H 16 N 2 0. 2 CF 3 C0 2 H requires C, 37.51; H, 4.72; N, 7.29%. 
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PREPARATI ONS TljQli 

The compounds of the following tabulated Preparations of the general 
formula: 



(CH 3 ) 3 COCON 




10 



were prepared using a similar method to that of Preparation 69 using l-(t- 

butoxycarbonyl)-3-methanesulphonyloxyazetidine and the appropriate 
amines as the starting materials. 
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P REPARATIONS to 89 
The compounds of the following tabulated Preparations of the general 
formula: 



HN 



O" 



10 



were prepared using a similar method to that used in Preparation 70 
using the appropriate azetidine derivative starting materials (see 

Preparations 7 1,7 2, 7 4, 76, 90, 170 and 172 to 178) . 



WO 96/05193 



PCT/EP95/03054 



191 




SUBSTITUTE SHEET (RULE 26) 



WO 96/05193 



192 



PCT/EP95/03054 



Analysis/UNMR 


ii 

E °- 

in X 

p c^ 

CO .q 
CO CO 

1 9 

CO to 
.uf cd 

CVl 

45 

OP 
CO 

Q J** 
'«CO 

Se- 
ct ;r 

2 «? 
X 

r- to 


• 

p 

X cx> 

CM <£> 

£ cd 

SI 

CM i 

e » 

CO X 
• CM 

co 3 

CO 1 

^ CM 

X ^ 


LRMS 
m/z 


in + 
*- E^ 


m + 

E, 


CM 

! i 
t— i 

X 

i 


a 
o 

M 

^ EE 

s u 


o 


Prep. 
No. 


CM 


o 

GO 



SUBSTITUTE SHEET (RULE 26) 



WO 96/05193 



193 



PCT/EP95/03054 



Analysis/H-NMR 


CM 32 

zS 

x s ^; 

w o 
• iri 

Si 

2 CVJ 
h- co 

£o 

X~ Jg 

00 -= 

-b o 
c O 

O LL. 
U_ O 


do" 
CO 

ui 

CO* 

o 

°. s 

z g- 
rJ2 
m . I 

GO II 
O CM 

o 3^ 

- . Z K 
"° 8 2 

C -r CO 

g 2® 
£ O Z 


i 


LRMS 
m/z 


1 


1 


<+ 

o + 
^ E, 


CM 

• 


0 
c 

6 

1 


n 

w 

u 
c 

6 

1 


u 

r \ 

U 

o 

6 

1 


ri. 

£ ot 
Q. z 


^» 

00 


J o 

CM 

GO 


CO 
□0 



SU53lirJTESr!EZ7(R'uuE 26J 



WO 96/05193 



194 



PCT/EP95/03054 









co- 
co 

X 
o 

CO 

z g. 

"X 

-T O 

£ if 

N- CM 
21 

*H » CO 

~ ef~\ 

S x *°. 

1LOZ 


Analysis/'H-NMR 


1 H-NMR (de-DMSO): 6 = 2.4-2.5(m,10H), 3.15- 
3.2(m,4H), 3.35-3.45(m,1H), 3.8-4.05(m,4H), 
8.75(s,br.,1H) ppm. 


'H-NMR (do-DMSO): 5 = 2.4-2.5(m,4H), 3.1- 
3.25(m,7H), 3.35-3.4(m,1H). 3.6-3.65(m,3l I), 
3.8-4.05(m,4H), 8.7(s,br.,1H) ppm. 
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PREPARATION 90 
i-ft-Butoxvcarbonyn-3- r2-oxomorDholino)azetidine 
To a stirred suspension of sodium hydride (60% w/w dispersion in 
mineral oil, 0.29 g, 1 mol. equiv.) in toluene (20 ml) at room 
temperature under nitrogen was added the compound of Preparation 
75 (1.57 g, 1 mol. equiv.), portionwise. The reaction was stirred for 
thirty minutes and then cooled to 0*C. Ethyl chloroacetate (0.78 ml, 1 
mol. equiv.) was then added over fifteen minutes, the reaction stirred 
for a further 1 hour at room temperature and then heated under reflux 
for ninety minutes. The solution was cooled, diluted with diethyl ether 
(20 ml) and washed with saturated aqueous sodium bicarbonate 
solution (30 ml). The organic layer was dried over anhydrous sodium 
sulphate. The organic solvent was removed under reduced pressure 
and the residue purified by flash column chromatography on silica gel 
eluting with methanokdichloromethane (4:96, by volume) to give the 
title compound (0.8 g). TLC Rf=0.23 (silica, methanol:dichloromethane, 
4:96, by volume). 

'H-NMR (CDCI 3 ):6=1.4 (S.9H), 3.5-3.6 (m,2H), 3.9-4.0 (m,4H), 4.1-4.2 
(m,4H), 5.2-5.4 (m,1H) ppm. 

PREPARATION 91 
1-Diphenyl methyl-3-(2.6-dimethylDinBridinvnazetidine 
1-Diphenylmethyl-3-methanesulphonyloxyazetidine (see Preparation 
5 4 ) (2 g, 1 mol. equiv.) and 2,6-dimethylpiperidine (6.79 ml, 3 mol. 
equiv.) were heated together at 110°C under nitrogen for six hours. 
Saturated aqueous sodium bicarbonate solution (60 ml) was added 
and the mixture extracted with ethyl acetate (3 x 40 ml). The combined 
organic extracts were dried using magnesium sulphate. The organic 
solvent was removed under reduced pressure and the residue purified 
by flash column chromatography on silica gel eluting with 
methanohdichloromethane (1 :9, by volume) to give the title compound 
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(0.48 g). TLC Rf=0.39 (silica, methanolrdichloromethane. 1:9, by 
volume). LRMS m/z = 335 (m+1)*. Found: C, 80.29; H, 9.00; N, 8.14. 
C 23 H3oN 2 0.125 CH 2 CI 2 requires C, 80.48; H. 8.84; N, 8.12%. 

'H-NMR (CDCI 3 ):6=1.0 (s,6H). 1.4-1.8 (m.6H). 2.7-2.9 (m,4H), 3.35-3.4 
(m,2H), 3.7 (s,1H), 4.4 (s,1H), 7.1-7.4 (m.10H) ppm. 

PREPARATIONS a? nn H q "3 
The compounds of the following tabulated Preparations of the general 



formula: 




(where Ph = phenyl) were prepared by a similar method to that used in 
Preparation 91 using l-diphenylmethyl-3-methanesulphonyloxyazetidine 
and the appropriate amines as the starting materials. 
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PREPARATION ^ 

l-Diphenylmethyl-3- (piperidin-l-yl) azetidine 

A mixture of 1<liphenylmethyl-3-methanesulphonyloxyazetidine (see 
Preparation 54) (1.5 g, 1 mo |. equiv.). piperidine (0.6 g. 1.5 mol. 
equiv.) and potassium carbonate (1.31 g. 2 mol. equiv.) in acetonitrile 
(20 ml) was heated under reflux under nitrogen for four hours. 
Saturated aqueous sodium bicarbonate solution and brine were added 
and the mixture extracted with ethyl acetate (2 x 40 ml). The organic 
extracts were combined and dried using magnesium sulphate. The 
organic solvent was removed under reduced pressure and the residue 
purified by flash column chromatography on silica gel eluting with 
methanol:dichloromethane (1:9, by volume) to give the title compound 
(0.65 g). TLC Rf = 0.5 (silica, methanolrdichloromethane, 1:9, by 
volume). LRMS m/z=307(m+ir. Found: C. 81.50; H, 8.51; N, 9,02. 
C 21 H 2e N 2 .0.06CH 2 CI 2 requires C. 81.14; H, 8.45; N, 8.99%. 
1 H-NMR (CDCI3): 6 = 1.4-1.5 (m,2H). 1.5-1.6 (m.5H), 2.1-2.3 (m,4H), 2.9-3.0 
(m,2H), 3.4-3.5 (m,2H), 4.4 (s,1H). 7.1-7.3 (m.6H), 7.35-7.5 (m,4H) ppm. 

PREPARATIO NS 95 to 106 

The compounds of the following tabulated Preparations of the general 
formula: 

Ph 2 CH-N > x x -r 2 




(where Ph = phenyl) were prepared by a similar method to that used in 
Preparation 94 using 1-diphenylmethyl-3-methanesulphonyloxyazetidine 

and the appropriate amines as the starting materials. 
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Analysis/'H-NMR 


■H-NMR (CDCI 3 ):5=2.45-2.6 (m,4H), 2.6-2.7 (m,4H), 2.85- 
2.95 (m,2H), 3.0-3.1 (m,1H), 3.4-3.5 (m,2H), 4.45 (s,1H), 
7.2-7.5 (m,1 OH) ppm. 
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Footnotes 

1. Homomorpholine hydrochloride (see Preparation 127) was used 
as the amine starting material. 



5 2. The pH of the reaction mixture was adjusted to 9 using N- 

methylmorpholine prior to heating under reflux. 
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To a solution of the compound of Preparation 94 (0.64 g) in dry 
dichloromethane (7 ml) at 0°C under nitrogen was added a- 
chloroethyl chloroformate (0.3 ml, 1 mol. equiv.) and the reaction 
stirred for thirty minutes. The solvent was removed under reduced 
pressure and the residue redissolved in methanol (10 ml) and heated 
under reflux for forty five minutes. The solvent was then removed 
under reduced pressure and the resultant gum triturated with diethyl 
ether (5 ml) to give the title compound as a beige powder (0.14 g). 
LRMSm/z=141(m+1)+. 

1 H-NMR (d 6 -DMSO):S=1.3-1.4 (m,1H), 1.7-1.9 (m,5H) f 2.7-2.9 (m.2H), 
3.3-3.5 (m,2H), 4.1-4.2 (m,3H), 4.4-4.6 (m,2H), 9.15 (s,br,1H), 9.7 
(s,br,1H), 12.0 (s,br,1H) ppm. 

PREPARATIO NS 108 Ho 119 

The compounds of the following tabulated Preparations of the general 
formula: 



were prepared using a similar procedure to that of Preparation 10 7 using 
the appropriate azetidine derivative starting materials (see Preparations 

91,92,95,96,98 to 103, 104 and 120).. 




WO 96/05193 



207 



PCT/EP95/03054 



OC 

• 

X 

CO 

>% 

CO 

c 

< 


HNMR (d 6 -DMSO):5=2.7-2.9 (m,2H), 3.2-3.6 (m,4H), 
3.9-4.1 (m,5H) 4.3-4.5 (m,2H), 4.8 (d.1H), 7.3-7.4 (m,5H), 
9.15 (s,br,1H), 9.6 (s,br,1H) ppm. 


'H-NMR (d 6 -DMSO):6=2.6-2.8 (m,3H), 2.9-3.1 (m,4H), 
3.05-3.1 (m,2H), 3.3-3.5 (m,2H), 3.8-4.0 (m,5H), 9.0-9.5 
(m^HJ.n.Ofm.lHJppm. 
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'H-NMR (d fl -DMSO):6=1.2-1.3 (m,4H), 1.4-2.0 (m,8H), 
3.3-3.4 (m.lH), 3.5-4.2 (m.SH), 4.6-4.8 (m,3H), 9.2 
(s,br,1H), 10.0 (s,br,1H) ppm. 


'H-NMR (d a -DMSO):6=1.1 (s,3H), 2.8-2.9 (m,2H), 2.9-3.1 
(m,1H), 3.2-3.6 (m,9H), 4.0-4.4 (m,2H), 9.2 (s,br,1H), 9.4 
(s,br,1H) ppm. 
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PREPARATION 

1-DiphQnYlmRthvi-3-rN-r?.mmhnyy ft th V i]- N - m p fhy i amin9)a 7mMjnf 
To a solution of the compound of Preparation 93 (0.85 g. 1 mol. equiv.) 
in tetrahydrofuran (12 ml) at O'C under nitrogen was added 60% w/w 
sodium hydride dispersion in oil (0.126 g, 1.1 mol. equiv.) and the 
reaction stirred at room temperature for one hour. Methyl iodide 
(0.448 g, 1.1 mol. equiv.) was then added to the mixture and the 
reaction stirred for a further two hours. A portion of the solvent (10ml) 
was removed under reduced pressure saturated aqueous sodium 
bicarbonate solution (25 ml) was added and the mixture extracted with 
ethyl acetate (3 x 35 ml). The combined organic extracts were dried 
using magnesium sulphate. The organic solvent was removed under 
reduced pressure and the residue purified by flash column 
chromatography on silica gel eluting with methanolrdichioromethane 
(4:96, by volume) to give the title compound (0.64 g). TLC Rf=0.3 
(silica, methanol:dichloromethane, 4:96, by volume). LRMS m/z=31 1 
(m+1)*. 

1 H-NMR (CDCI 3 ):5=2.1 (s.3H), 2.4 (t,2H), 2.85-2.95 (m,2H), 3.0-3.1 
(m,1H), 3.3 (s,3H), 3.4-3.45 (m,4H), 4.4 (s,1H), 7.15-7.3 (m.6H), 7.4-7.45 
(m,4H) ppm. 



PREPARATION 1?1 

3-f4-t-PutoxY^rhon vlPiperazi nv h azetidina h V rt rf MT hlnrif1fi 
The compound of Preparation 97 (1.471 g, 1 mol. equiv.) was 
dissolved in a mixture of 1M aqueous hydrochloric acid solution (4 ml) 
and ethanol (16.6 ml) and 10% palladium-on-carbon (14.7 mg) was 
added. The mixture was stirred under an atmosphere of hydrogen at 
345kPa (50psi) for sixteen hours. The catalyst was then filtered off 
and the solvent removed under reduced pressure, removing final 
traces of water by azeotroping with ethanol, to give the title compound 
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as a cream solid (0.83 g) which was used without further purification. 
TLC Rf =0.84 (silica, ethyl acetate:hexane, 1 :2, by volume). LRMS 
m/i=242(m+1} + . Found: C, 50.30; H, 8.33; N, 14.39. C^HjaNaCVHCI. 0.5 
H 2 0 requires C, 50.25; H, 8.79; N, 14.65%. 

'H-NMR (da-DMSO):0=1.4 (s,9H), 2.3-2.5 (m,4H), 3.4-3.5 (m,6H); 3.9-4.2 
(m.4H), 9.7 (s,br,1H) ppm. 



PREPARATION 122 
4-Acetyl-1-ft-butoxvcarbonvnDiDera2ine 
To a solution of N-t-butoxycarbonylpiperazine (7 g, 1 mol. equiv.) in 
dichioromethane (140 ml) at 0°C under nitrogen was added 
triethylamine (6.29 ml, 1.2 mol. equiv.). The reaction mixture was 
vigorously stirred and acetyl chloride (3.21 ml, 1.2 mol. equiv.) was 
added, dropwise. The mixture was stirred for twenty four hours. The 
reaction mixture was washed with saturated aqueous sodium 
bicarbonate solution (30 ml), and the organic layer dried using 
magnesium sulphate. The organic solvent was removed under 
reduced pressure and the residue purified by flash column 
chromatography on silica gel eluting with methanolrethyl acetate (1:19. 
by volume) to give the title compound (8.19 g). TLC Rf=0.33 (silica, 
methanokethyl acetate, 1:19, by volume). LRMS m/z=229(m+1) + . 
Found: C, 57.83; H, 8.83; N, 12.27. C^H^NjOa requires C, 57.87; H, 
8.92; N, 12.14%. 

'H-NMR (CDCI 3 ):5=1.4 (s,9H), 2.1 (s,3H). 3.3-3.4 (m,6H), 3.5-3.6 
(m,2H) ppm. 
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PREPARATION 123 
N-AcetvlDiperazine triflunroarfltatfl 
To a solution of the compound of Preparation 122(8.2 g, 1 mol. equiv.) 
in dichloromethane (78 ml) at 0°C under nitrogen was added 
trifluoroacetic acid (39 ml). The mixture was then warmed to room 
temperature and stirred for a further thirty minutes. 
The solvent was then evaporated under reduced pressure and the 
resulting oil azeotroped with dichloromethane (30 ml) to give the title 
compound as a gum (1 1.7 g). LRMS m/z=129(m+1)*. 
'H-NMR (CDCI 3 ):6=2.0 (s,3H), 3.0-3.2 (m,4H), 3.5-3.7 (m,4H), 8.8-9.0 
(s,br,2H) ppm. 



PREPARATION 124 
Pvran-4-one oxima 
To a solution (240 ml) of hydroxylamine hydrochloride (60.53 g, 4 mol. 
equiv.) in water (240 ml) was carefully added 3.6M aqueous sodium 
hydroxide solution (240 ml). Pyran-4-one (20 g, 1 mol. equiv.) was 
added over a five minute period. The mixture was heated under reflux 
for one and a half hours, cooled and then stirred for a further eighteen 
hours at room temperature. The reaction mixture was extracted with 
dichloromethane (4 x 50 ml) and the combined extracts dried over 
magnesium sulphate. Removal of the solvent under reduced pressure 
gave the title compound as a white solid (18.86 g). 

'H-NMR (CDCI 3 ):6=2.4 (t,2H), 2.7 (t,2H), 3.7-3.9 (m,4H), 7.35 (s,ih) ppm . 
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PREPARATION 125 
Homomorpholin-5-one 
To methanesulphonic acid (228.8 ml, 27 mol. equiv.) under nitrogen 
5 was added, portionwise, phosphorous pentoxide (37.72 g, 2 moi. 

equiv.) over five minutes. The solution was stirred at room 
temperature for two hours and then pyran-4-one oxime (see 
Preparation 124)(14.97 g, 1 mol. equiv.) was added, portionwise, over 
ten minutes. The mixture was heated slowly to 100°C and stirred for 

10 one hour at this temperature. The reaction was then further stirred for 

eighteen hours at room temperature. The mixture was slowly added to 
water (500 ml) and sodium bicarbonate was added, portionwise, until 
the mixture was basic (pH 9). The mixture was filtered and the pad 
washed several times with dichloromethane (3 x 50 ml). The filtrate 

IS was extracted with dichloromethane (7 x 60 ml). The combined 

extracts were dried over magnesium sulphate, filtered and the filtrate 
evaporated under reduced pressure. The resulting solid was triturated 
with diethyl ether to give the title compound as a white foam (2.1 g). 
LRMS m/z=116(m+1)+. 

20 'H-NMR (CDCI 3 ):5=2.6-2.8 (m,2H), 3.3-3.4 (m,2H), 3.7-3.9 (m,4H) f 

6.2 (s,br.,lH) ppm. 



PREPARATION 11$ 
4-(t-PutQxycart?pny0hQmomorphQline 
25 To a stirred suspension of lithium aluminium hydride (777 mg, 2 mol. 

equiv.) in tetrahydrofuran (87 ml) under nitrogen at the reflux 
temperature was slowly added a solution of homomorphoiin-5-one 
(see Preparation 125) (1.1 g, 1 mol. equiv.) in tetrahydrofuran (37 ml) 
over thirty minutes. The mixture was heated under reflux for two 
30 hundred and ten minutes, cooled to room temperature and a 1:1 v/v 

tetrahydrofuranrwater solution (25 ml) added slowly over ten minutes, 
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followed by 1M aqueous sodium hydroxide solution (1,24 ml). The 
mixture was cooled to 0°C and a solution of di-tert-butyl dicarbonate 
(2.46 g, 1.1 mol. equiv.) in dichloromethane (25 ml) was added over 
5 fifteen minutes. The reaction was then allowed to warm to room 

temperature and stirred for sixteen hours. Sodium sulphate (25 g) was 
added to the mixture with vigorous stirring. The resulting granular 
white solid was filtered off and washed several times with dry 
dichloromethane. The combined filtrates and washings were then 

10 evaporated under reduced pressure and the residue dissolved in 

dichloromethane (50 ml). The solution was dried over magnesium 
sulphate, filtered and the filtrate evaporated under reduced pressure to 
give an oil. This oil was purified using flash column chromatography 
on silica gel eluting with ethyl acetate:hexane (1:1, by volume) to give 

15 the title compound (1.7 g). TLC Rf = 0.5 (silica, ethyl acetaterhexane, 

1:1, by volume). 

'H-NMR (CDCI 3 ):6=1.5 (s,9H), 1.8-2.0 (m,2H), 3.45-3.6 (m,4H), 3.7-3.8 
(m,4H) ppm. 



20 PREPARATION 127 

Homomomholine hydrochloride 
The compound of Preparation 126 (1.7 g) was dissolved in ethyl 
acetate (51 ml) and the solution cooled to 0°C. Dry hydrogen chloride 
gas was then bubbled into the mixture for thirty minutes and the 

25 reaction stirred for a further thirty minutes. Nitrogen was then bubbled 

into the solution for sixteen hours. During this time a white solid 
precipitated which was filtered off and then washed with cold ethyl 
acetate (5 ml). The white solid was then dried under reduced pressure 
for four hours to give the title compound (0.92 g). 



30 
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'H-NMR (CDCI 3 ):5=2.25-2.4 (m,2H) f 3.25-3.45 (m,4H) , 3.9 (t,2H), 3 

4.0 (m,2H), 9.75 (s,br r 2H) ppm. 



PREPARATION 128 

4-BenzylQxycart?onylthiQmorpholin9 
To a solution of thiomorpholine (5 g, 1 mol. equiv.) and triethylamine 
(5.4 g, 1.1 mol. equiv.) in dichloromethane (200 ml) at 0°C under 
nitrogen was slowly added benzyl chloroformate (8.68 g, 1.05 mol. 
equiv.) over fifteen minutes. The reaction was then allowed to warm to 
room temperature and stirred for a further sixteen hours. The reaction 
was washed with a saturated aqueous sodium bicarbonate solution. 
The organic layer was dried using magnesium sulphate, filtered and 
the solvent removed under reduced pressure. The residue was 
purified by flash column chromatography on silica gel eluting with 
dichloromethane to give the title compound (10 g). TLC=Rf 0.3 (silica, 
dichloromethane). Found: C f 59.24; H. 6.49; N, 5.78. C l2 H 15 N0 2 S 
requires C, 59.12; H, 6.23: N, 5.70%. 

1 H-NMR (CDCI 3 ):5=2.5-2.75 (m,4H), 3.7-3.9 (m,4H), 5.15 (s,2H), 7.2- 
7.4 (m,5H) ppm. 



PREPARATION 129 
4-Ben2yloxycarbonylthlomoroholin6>1 1 -dioxide 
To a solution of 4-benzyloxycarbonylthiomorpholine (see Preparation 
12$ (4. 11 g, 1 mol. equiv.) in dichloromethane (240 ml) under nitrogen 
was added meta-chloroperbenzoic acid (11.96 g, 2.2 mol. equiv.) and 
the reaction stirred for sixteen hours at room temperature. The 
resultant solid that formed was filtered off and the filtrate washed with 
a saturated aqueous sodium carbonate solution. The organic layer 
was dried over magnesium sulphate, filtered, and evaporated to dryness 



21.9 

under reduced pressure. The resultant solid was then purified by flash 
column chromatography on silica gel eluting with dichlorom ethane: 
methanol (95:5. by volume) to give the title compound (0.83 g). TLC 
Rf=0.75 (silica, methanofcdichloromethane, 1:19, by volume). Found:C, 
53.21; H, 5.68; N, 5.14. C 12 H 15 N0 4 S requires C, 53.51; H, 5.61: N, 5.20%. 
1 H-NMR (CDCl3):6=2.9-3.1 (m,4H), 3.9-4.05 (m,4H), 5.15 (s.2H), 7.35-7.5 
(m,5H) ppm. 

PREPARATION 130 
Thiomoroholinft -1.l^i Q yirifl 
The compound of Preparation 129 (3.5 g, 1 mol. equiv.) was dissolved 
in a methanol (120 ml) and 10% palladium on carbon (0.4 g) added. 
The mixture was then stirred under hydrogen at atmospheric pressure 
for four and a half hours. The catalyst was filtered off and the solvent 
removed under reduced pressure, final traces of methanol being 
removed by azeotroping with dichloromethane. This gave the title 
compound as an oil which was used without further purification (1.6 g). 
TLC = Rf 0.3 (silica, ammonium hydroxide:methanol:dichloromethane, 
1 :1 0:90, by volume). LRMS m/z=136(m+1)*. 
'H-NMR (CDCI 3 ):6=2.95-3.05 (m,4H), 3.35-3.45 (m,5H) ppm. 

PREPARATION 131 
l-ft-ButOXVCart^nvn^-methanesulnhonylpipflraTipft 
To a solution of 1-(t-butoxycarbonyl)piperazine (7 g, 1 mol. equiv.) in 
dichloromethane ( ml) at 0°C under nitrogen was added triethylamine 
(6.29 ml, 1 .2 mol. equiv.). The mixture was vigorously stirred whilst 
methanesulphonyl chloride (3.49 ml, 1.2 mol. equiv.) was added, 
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dropwise. The mixture was then stirred for twenty four hours- The 
reaction mixture was washed with a saturated aqueous sodium 
bicarbonate solution (30 ml) and the organic layer dried using 
magnesium sulphate. The organic solvent was removed under 
reduced pressure and the residue purified by flash column 
chromatography on silica gel eluting with ethyl acetate:hexane (1:2, by 
volume) to give the title compound (6.93 g). TLC Rf = 0.37 (silica, 
ethyl acetaterhexane, 1:2, by volume). LRMS m/z=282(m+NH 4 )\ 
Found: C, 45.25; H, 7.68; N, 10.49. C 10 H 20 N 2 SO 4 requires C, 45.43; H, 
7.63; N, 10.60%. 

1 H-NMR (CDCI 3 ):5=1.4 (s,9H), 2.8 (s,3H), 3.15-3.2 (m,4H), 3.5-3.6 
(m,4H) ppm. 



PREPARATION 13 2 

1 -Methanesulphonylpjperazine tnf luoroacetate 
To a solution of the compound of Preparation 131 (6.9 g, 1 mol. equiv.) 
in dichloromethane (78 ml) at 0°C under nitrogen was added 
trifluoroacetic acid (28 ml). The mixture was then warmed to room 
temperature and stirred for a further thirty minutes. The solvent was 
removed under reduced pressure and the resulting oil azeotroped with 
dichloromethane (30 ml). The resultant gum was triturated with diethyl 
ether (10 ml) giving the title compound as a white solid (7 g). LRMS 
m/z=164(m)\ Found: C, 30.10; H, 4.80; N, 10.00. C 5 H 12 N 2 SO z .cf 3 co 2 h 

requires C, 30.21; H, 4.71; N r 10.07%. 

1 H-NMR (d 6 -DMSO):5=2.9 (s,3H), 3.1-3.2 (m,4H), 3.3-3.4 (m,4H), 9.0- 
9.2 (s,br,2H) ppm. 
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PREPARATION 133 
1-PiPhenvlmethvl-3-(4-methanesulDhonvlpiper a 2in-1-vnazfttiftinft 
A solution of the compound of Preparation 54 (1.5 g, 1 mol. equiv.), 
5 N,N-diisopropylethylamine (7.4 ml. 9 mol. equiv.) and 1- 

methanesulphonylpiperazine (see Preparation 113) (1.97 g, 1.5 mol. 
equiv.) in acetonitrile (20 ml) under nitrogen was stirred and heated 
under reflux for eighteen hours. Saturated aqueous sodium 
bicarbonate solution (45 ml) was added and the mixture extracted with 

10 ethyl acetate (3 x 60 ml). The organic extracts were combined and 

dried using magnesium sulphate. The organic solvent was removed 
under reduced pressure and the residue purified by flash column 
chromatography on silica gel eluting initially with diethyl ether and then 
with methanokethyl acetate (1:9, by volume) to give the title compound 

15 (0.38 g). TLC Rf=0.51 (silica, methanokethyl acetate, 1:9, by volume). 

LRMS m/z=350(m+1) + . 

'H-NMR (CDCy:6=2.3-2.4 (m,4H), 2.7 (s,3H), 2.9-3.0 (m.2H), 3.0-3.2 
(m,1H), 3.2-3.3 (m,4H), 3.4-3.5 (m,2H), 4.4 (s,1H), 7.2-7.4 (m,6H), 7.4- 
7.5 (m,4H) ppm. 

20 

PREPARATION 134 

3-(4-MethanesulDhonvlniperazin-l -vltazetidins dihv d rochioricte 
To a solution of the compound of Preparation 133 (0.350 g, 1 mol. 
equiv.) in dichloromethane (5 ml) at 0°C was added a-chloroethyl 

25 chloroformate (0.15 ml, 1.5 mol. equiv.) and the reaction stirred for 

twenty four hours. The solvent was removed under reduced pressure 
and the residue dissolved in methanol (10 ml) and heated under reflux 
for one hour. The mixture was then adjusted to pH 3 using a saturated 
solution of hydrogen chloride in diethyl ether and filtered. The filtrate 

30 was evaporated to dryness under reduced pressure and the resultant 
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gum triturated with diethyl ether (5 ml) to give the title compound as a 
white solid (0.12 g). LRMS m/z = 219 <m) + . 



5 PREPARATION U3 

Endo>3-Acetoxy-8-methyl-8-a Zflt?iC ?yolof3.2. 1 Joctane 
A mixture of tropine (10 g), acetic anhydride (20 ml) and pyridine (1 ml) 
was stirred at room temperature for twenty hours under nitrogen. The 
mixture was then poured onto ice t four drops of concentrated 

10 hydrochloric acid were added and the solution was allowed to stand for 

thirty minutes. A portion of the solvent was removed under reduced 
pressure and the mixture was partitioned between saturated aqueous 
sodium bicarbonate solution (20 ml) and ethyl acetate (50 ml). The 
layers were separated and the aqueous layer further extracted with 

15 ethyl acetate (2 x 50 ml). The organic extracts were combined and 

dried (MgS0 4 ). The solvent was removed under reduced pressure to 
give the title compound (4 g). TLC Rf = 0.2 (silica, ammonium 
hydroxide:methanol:dichloromethane f 1:9:90, by volume). 
1 H-NMR (CDCI 3 ):5=1.6-1.7 (m,2H), 1.9-2.2 (m,7H), 2.05-2.15 (m,2H), 

20 2.25 (s,3H) f 3.1-3.2 (m,2H), 5.1 (t,1H) ppm. 



PREPARATION 136 
Endo-3-AcetoxY-8-azabi(ycloI3.2. 1 loctane hydrochloride 
To a solution of the compound of Preparation 13 5 (3.8 g, 1 mol. equiv.) 
25 in dry 1 ,2-dichloroethane (40 ml) at 0°C under nitrogen was added a- 

chloroethyl chloroformate (2.37 ml, 1 mol. equiv.) and the reaction 
stirred for thirty minutes. The solvent was then removed under 
reduced pressure and the residue dissolved in methanol (50 ml) and 
heated under reflux for one hour. The solvent was then removed 
30 under reduced pressure and the resultant gum triturated with diethyl 
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ether (10 ml) and ethyl acetate (5 ml) to give the title compound as a 
yellow powder (3.7 g). 

'H-NMR (de-DMSO): 6=1.8-2.4 (m,1 1H), 3.8-4.0 (m,2H), 4.9-5.0 (m,1H), 
8.9-9.4 (m,2H) ppm. 



PREPARATION 137 
5(S)-1-CVclOPmr w l methvl-5-^4-dichloroohenyn-^formvlmethyl-P. 

piPfiddflDfl 

Into a solution of the compound of Preparation 14 1 (0.763 g, 1 mol. 
equiv.) in methanol (24 ml) under nitrogen at -78<>c was bubbled ozone 
at a rate of 50ml/min. (using a charge of 1 .5A to generate the ozone from 
oxygen) for thirty minutes. After this time the ampage was reduced to 
zero and oxygen bubbled through the reaction at a rate of 5ml/min. for 
two minutes. The oxygen supply was then removed and nitrogen bubbled 
through the reaction mixture for twenty minutes. After this time a solution 
of dimethyl sulphide (1.7 ml, 10 mol. equiv.) in methanol (3.5 ml) was 
cautiously added dropwise and the reaction left to warm to room 
temperature over eighteen hours. The solvent was removed under 
reduced pressure and the reaction mixture was partitioned between ethyl 
acetate (20 ml) and water (15 ml). The organic layer was separated and 
the aqueous portion further extracted with ethyl acetate (2 x 20 ml). The 
organic layers were then combined, dried using sodium sulphate, filtered 
and the filtrate evaporated to dryness under reduced pressure to give the 
title compound (0.69 g) which was used without further purification. TLC 
R,=0.31 (silica, ethyl acetate). LRMS m/z=340(m) + . 
'H-NMR (CDCU: 5=0.2-0.4 (m,2H), 0.5-0.7 (m.2H), 1.0-1.15 (m,1H), 2.0- 
2.25 (m.2H), 2.3-2.45 (m,1H), 2.6-2.8 (m,1H), 2.9-3.05 (m,1H), 3.1-3.2 
(m,1H), 3.4-3.6 (m,2H), 3.9-4.0 (m.1H), 4.05-4.15 (m,1H), 7.15-7.2 
(m,1H), 7.3-7.5 (m,2H), 9.5 (s,1H) ppm. 



WO 96/05193 



PCT/EP95/03054 



224 



PREPARATIONS 13 8 to 140 

The compounds of the following tabulated Preparations of the general 
formula:- 



10 




XHaCHO 



15 were prepared by a similar method to that used in Preparation 137 using 

the appropriate allyipiperidone starting materials (see Preparations 142 

tO 144 ). 
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PREPARATION 141 

5(S)-5-Allyl-Voyclopro^^ 
Potassium hydroxide (0.78g, 1 mol. equiv.) was added portionwise to 

5 dimethyl sulphoxide under nitrogen and the mixture stirred for fifteen 

minutes at room temperature. To this solution was added a solution of 
the compound of Preparation 14 5 (0.982 g, 1 mol. equiv.) and 
cyclopropylmethyl bromide (0.37 ml, 1.1 mol. equiv.) in dimethyl 
sulphoxide (20 ml). The reaction was stirred at room temperature for 

10 eighteen hours. 

The reaction mixture was partitioned between ethyl acetate (50 ml) 
and water (20 ml) and the aqueous layer removed. The organic layer 
was then washed with water (3 x 20 ml), dried using sodium sulphate, 
filtered and evaporated to dryness under reduced pressure. The 

IS resulting gum was purified by flash column chromatography on silica 

gel eluting with methanokdichloromethane (1:19, by volume) to give 
the title compound (0.763 g). TLC R^O.33 (silica, 
methanol:dichloromethane, 1:19, by volume). LRMS m/z=338 (m)*. 
1 H-NMR (CDCI 3 ): 5=0.2-0.4 (m,2H), 0.5-0.7 (m,2H), 1.0-1.15 (m,1H), 

20 2.0-2.25 (m,3H) f 2.3-2.6 (m,3H), 3.1-3.25 (m,1H), 3.4-3.6 (m,2H), 3.65- 

3.8 (m,1H), 5.0-5.05 (m,2H), 5.2-5.5 (m,1H), 7.15-7.2 (m,1H), 7.4-7.5 
(m,2H) ppm. 
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PREPARATIONS 14 2 to 1 44 

The compounds of the following tabulated Preparations of the general 
formula:- 




were prepared by a similar method to that used in Preparation 1 4 1 using 
the same piperidone and the appropriate bromo- or p- 
toluenesulphonyloxyalkane derivative starting materials. 
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PREPARATION us 
5fS)-5-AIM-5-f3.4-dichlorophen yn-2MHVniparirinn ft 
A solution of the compound of Preparation 146 (120 mg) in ethanol (5 
5 ml) heated under reflux with concentrated sulphuric acid (0.4- ml) for 

twenty four hours. The reaction was diluted with water (5 ml) and 
basified using sodium carbonate. The solution was extracted with 
ethyl acetate (2 x 10 ml). The combined organic layers were dried 
using anhydrous magnesium sulphate, filtered and the filtrate 
10 evaporated to dryness under reduced pressure. The residue was 

chromatographed on silica gel eluting with a solvent gradient of 
dichloromethane:methanol (100:0 to 97:3 to 95:5, by volume) to give 
the title compound (10 mg). TLC R,=0.4 (silica, dichloromethane: 
methanol, 95:5, by volume). LRMS m/z=284 (m+1) + . 
15 [a] 25 =31.2o(c=0.00125). 

589 

1 H-NMR (CDCI 3 ): 5=2.0-2.2 (m,3H), 2.3-2.5 (m,2H), 2.5-2.6 (m,1H), 3.4 
(d.1H), 3.6 (d,1H), 4.9-5.05 (m,2H), 5.25-5.4 (m,1H), 6.0 (s,br,1H), 
20 7.15-7.2 (m,1H), 7.4-7.5 (m,2H) ppm. 

PREPARATION 146 

2-f3fS)-3-Aminomethvl-3-f3.4-dinhlorQnhfinyl^h ex-5-en-1-vn-4fR^- 
4-iSQProPvloxazoline hyrirnrhlnrirte 

25 A solution of the compound of Preparation 14 7 (1 g, 1 mol. equiv.) in 

diethyl ether (200 ml) was added dropwise over one hour to a stirred 
suspension of lithium aluminium hydride (3.7 g, 1 mol. equiv.) in diethyl 
ether (200 ml) under nitrogen at OoC. The reaction was stirred for one 
hour at 0°C. Water (3.7 ml) was added, followed by a 15% w/w aqueous 

30 sodium hydroxide solution (3.7 ml) and further water (11.1 ml). The 

mixture was stirred for fifteen minutes, filtered and the filtrate evaporated 
to dryness under reduced pressure to give an oil which gave a gelatinous 
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gum on standing for eighteen hours. The gum was partitioned 
between ethyl acetate (200 ml) and 2N aqueous hydrochloric acid 
solution (100 ml). The organic portion was separated, dried using 
5 anhydrous magnesium sulphate, filtered and the solvent evaporated 

from the filtrate under reduced pressure. The resultant solid was 
chromatographed on silica gel eluting with a solvent gradient of 
dichloromethane:methanol (100:0 to 95:5 to 90:10, by volume) to give 
the title compound (21 .4 g). LRMS m/z=369(m)*. 
10 'H-NMR (CDCI 3 ): 5=0.7-0.8 (m,3H), 0.9-1.0 (m.3H), 1.6-1.8 (m,1H), 

1.95-2.2 (m.3H). 2.2-2.4 (m,1H), 2.4-2.55 (m,1H), 2.8-3.0 (m,1H), 3.3- 
3.5 (m.2H), 3.6-4.0 (m,3H), 4.9-5.1 (m,2H). 5.3-5.45 (m,1H), 7.1 
(d,1H). 7.3-7.7 (m,2H), 8.9 (d,br,1H). 9.4 (d,br,1H), 10.1 (s,br,1H) ppm. 

15 PREPARATIONS? 

2-(3(S)-3-Cvano-3-f3.4-dichloroDhenvnhQX-5-6n-1 -yn-4(^-A - 
isoDropvloxazQlinft 

A solution of the compound of Preparation 148 (3 g, 1 mol. equiv.) and 
S-valinol (1 .04 g, 1 mol. equiv.) in toluene (30 ml) was heated under 

20 reflux under Dean-Stark conditions for eighteen hours. More toluene was 

then added and the reaction heated under reflux for a further forty eight 
hours. The toluene was then removed by evaporation under reduced 
pressure and the residue chromatographed on silica gel eluting with a 
solvent gradient of hexane:diethyl ether (100:0 to 80:20 to 60:40, by 

25 volume) to give the title compound (1 g). LRMS m/z=365(m)*. 

1 H-NMR (CDCI 3 ): 5=0.8 (d,3H), 0.95 (m,3H), 1.6-1.8 (m,1H). 2.05-2.3 
(m,2H), 2.4-2.55 (m,2H), 2.6-2.8 (m,2H), 3.8-4.0 (m,2H), 4.15-4.2 (m,1H), 
5.1-5.2 (m,2H), 5.5-5.7 (m,1H), 7.2-7.25 (m,1H), 7.5-7.55 (m,2H) ppm. 



30 
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PREPARATION 148 
4fS)-4-CvanQ-4-(3.4-dichlorophenvhhflpt .6-enoic acid 
To a stirred solution of the compound of Preparation 149 (5.5 g) in 
dichloromethane (100 ml) was added 1N aqueous hydrochloric acid 
solution (100 ml). The aqueous layer was then removed and the 
organic portion washed with 1 N aqueous hydrochloric acid solution (70 
ml). The organic layer was dried using anhydrous magnesium 
sulphate, filtered, and the filtrate evaporated to dryness under reduced 
pressure to give the title compound (3.6 g). LRMS m/z=316(m+NH 4 )\ 
1 H-NMR (CDCI 3 ): 6=2.15-2.8 (m,6H). 5.1-5.25 (m,2H), 5.55-5.7 (m,1H), 
7.2-7.25 (m,1H), 7.5-7.55 (m,2H) ppm. 

PREPARATION 140 

4fS)-4-Cvano-4-f3.4-dichloroDhenvnhQPt-6-enni c acid fRW+H-M- 
naohthvnethvlamine salt 

To a solution of the compound of Preparation 150(16 g) in ethyl acetate 
(50 ml) was added R-(+)-1-(1-naphthyl)ethylamine (4.8 g). The solution 
was stirred for thirty minutes at room temperature and then the solvent 
removed under reduced pressure to give a gum. This gum was partially 
dissolved in hexane:diethyl ether (4:1 , by volume, 150 ml) and the sides 
of the flask scratched to induce crystallisation. The white solid that 
formed was filtered off and cystallised three times from ethyl acetate to 
give the title compound (4.9 g). m.p. 153-154<>C. 
[a] 25 -7.10 (c=0.0012). 

589 

1 H-NMR (CDCI3): 5=1.6 (d,3H), 2.0-2.2 (m,2H), 2.25-2.5 (m,2H), 2.5-2.7 
(m,2H), 3.8-4.1 (s,br,3H), 5.0-5.2 (m,3H), 5.5-5.7 (m,1H), 7.15-7.25 
(m,1H), 7.4-7.6 (m,6H), 7.75 (d,1H), 7.9 (d,1H), 8.1 (d,1H) ppm. 
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PREPARATION 15Q 
4-Cyano-4-f3.4-dichlQrophenynhept-6-enQic acid 
To a stirred suspension of 60% w/w sodium hydride oil dispersion (231 
5 g) in tetrahydrofuran (17L) under nitrogen at -10°C was added a 

solution of 3-bromopropanoic acid (806.5 g) in tetrahydrofuran (6L) 
dropwise over three hours. The reaction was allowed to warm to room 
temperature over 22 hours. The reaction was then cooled to -10<>C. 
Simultaneously, a solution of the compound of Preparation 151 

10 (1633.5 g) in tetrahydrofuran (2.5L) was added dropwise over two 

hours to a stirred tetrahydrofuran suspension (2.5L) of 60% w/w 
sodium hydride oil dispersion (221 g) in tetrahydrofuran (2.5L) under 
nitrogen at -10oC. When the addition was complete, this second 
reaction was allowed to warm to room temperature over eighteen 

15 hours. This reaction was then cooled to -10°C and cannulated into 

the above 3-bromopropanoic acid sodium salt mixture over 3 hours. 
The reaction mixture was heated at 50°C for five hours. The reaction 
was then cooled, poured into water (8L) and basified to pH 9.3 using 
aqueous sodium bicarbonate solution. This mixture was washed with 

20 dichloromethane (5 x 2L) and the aqueous portion acidified to pH 1.0 

using concentrated hydrochloric acid. The aqueous solution was 
extracted with dichloromethane (4 x 2.5L) and the organic layers were 
combined, dried using anhydrous magnesium sulphate, filtered and 
the filtrate concentrated under reduced pressure to give a yellow oil. 

25 This oil was then triturated with hexane (1.5L) to give the title 

compound as a cream solid (1155.3 g) which was used without any 
further purification. TLC R^O.42 (silica, methanol:dichloromethane, 
1:9, by volume). LRMS m/z=316(m+NH 4 )*. 

1 H-NMR (CDCI 3 ): 6=2.15-2.8 (m,6H), 5.1-5.25 (m,2H), 5.55-5.7 (m,1H), 
30 7.2-7.25 (m,1H) ? 7.5-7.55 (m,2H) ppm. 
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PREPARATION 151 

2-(3.4-DichloronhflnvhpQnt-A. ftnftn j| r j| ft 
To a stirred solution of 3,4-dichlorophenylacetonitrile (800 g, 4.3 mol.) 
in cyclohexane (16L) at room temperature was carefully, added 
aqueous sodium hydroxide solution (1600 g of sodium hydroxide in 8L 
of water). This addition caused an elevation of the reaction 
temperature to 50°C. Allyl bromide (572 g, 1.1 mol. equiv.) and tetra- 
n-butylammonium chloride hydrate (40 g, 0.03 mol. equiv.) were then 
added and the reaction stirred for one hour at 50°C. The aqueous 
phase was removed and the organic layer washed with water (10L). 
The organic phase was filtered through silica gel (1kg) under reduced 
pressure to give a yellow filtrate solution. The solvent was removed 
from the filtrate under reduced pressure to give the title compound as 
an oil (960 g) of 70% purity which was used without any further 
purification. TLC R,=0.71 (silica, diethyl etherrhexane, 1:1, by volume). 
LRMS m/z=226(m)*. 

'H-NMR (CDCI 3 ): 6=2.6-2.75 (m,2H). 3.85 (t,1H), 5.1-5.25 (m,2H), 5.7- 
5.9 (m,1H), 7.2-7.25 (m,1H), 7.5-7.55 (m,2H) ppm. 
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PREPARATION 152 
1- ( t-Butoxvcarbonvl )-3-( piperazin- 1-vl ) azetidine 
5 methanesulphonate 

Piper azine (149.2g, 8 mol . equiv. ) was heated to a 
melt and 1- ( t-butoxycarbonyl ) -3-methanesulphonyloxy- 
azetidine (see International Patent Application 
Publication no. WO93/19059) (54.5g, 217 mmol) was then 
10 added. The mixture was heated at 115°C for twenty four 

hours. The reaction was cooled and the excess piperazine 
removed under reduced pressure. The residue was purified 
by flash column chromatography on silica gel using 
methanol : die hi or ome thane (5:95, by volume) as the eluant 
15 to give the title compound (51g) • IiRMS m/z=242 (m+1)*. 

l H-NMR (CDC1 3 ): 6 = 1.4 (m,9H), 2.5-2.6 (m, 4H) , 3.1-3.25 
(m,5H), 3.7-3.8 (m,2H), 3.9-3.95 (ra,2H), 4.6 (br. s, 1H) 
ppm. 

20 PREPARATION 1 53 

3- ( 4-Aminosulphonvlpiperazin-l-vl ) -1- ( t- 
butoxycarbonvl ) azetidine 

A solution of the compound of Preparation 152 (50g, 
132.6 mmol) and sulphamide (88g, 6.9 mol. equiv.) in 1,4- 
25 dioxane (1300 ml) was heated under reflux for fifty five 
hours. The solution was cooled and the solvent removed 
under reduced pressure. The residue was purified by 
flash column chromatography on silica gel using methanol: 
dichloromethane (5:95, by volume) as the eluant to give 
30 the title compound (50g). 

l H-NMR (CDC1 3 ): 6 = 1.45 (s,9H), 2.4-2.5 (m,4H), 3.1-3.2 
(irwlH), 3.25-3.3 (m,4H), 3.75-3.8 (m,2H), 3.85-3.9 
(m,2H), 4.3 (br. s f 2H) ppm. 
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PREPARATION 15 4 



3- ( 4-Aroinosulphonvlpi De i- a * i n -i- v n a ^ h j „~ 
bi s tr i f luoroacetate 

To a solution of the compound of Preparation 153 
(364m g/ 1.14 mmol) in dichloromethane (6 ml) under an 
atmosphere of nitrogen at O'C was slowly added 
trifluoroacetic acid (3 ml, 35 mol. equiv. ) and the 
reaction mixture was allowed to warm to room temperature 
over two hours. The solvent was then removed under 
reduced pressure and the residue azeotroped with 
dichloromethane (3 x 10ml). The resulting oil was 
triturated with diethyl ether to give the title compound 
(379 mg) which was used without further purification. 
H— NMR (CDC1,,: 6 - 2.4-2.6 (m,4H), 2.95-3.15 (m,4H), 
3.35-3.5 (m,lH), 3.8-4.1 (m,4H), 6.6-6.8 (m,2H), 8.6-8.85 
(m,3H) ppnw 
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PREPARATION 155 
1 , 1 -Dicvclopropy lethene 
To a stirred suspension of methyltriphenylphosphonium bromide (133.5g f 3 moL 
equiv.) in dimethylsulphoxide (200ml) under nitrogen was added a solution of 
potassium tert-butoxide (42g 9 3 mol. equiv.) in dimethylsulphoxide (200ml), 
dropwise, over 15 minutes. Dicyclopropyl ketone (13.8g, 0.125 mol.) was added 
and the solution heated at 60°C for 1 hour and then stirred at room temperature 
for 16 hours. The reaction was poured into 20% w/w aqueous sodium chloride 
solution (900ml) and ice (200g) added. The mixture was extracted with diethyl 
ether (21) and the organic extract washed with water (2 x 1.51), dried using 
anhydrous magnesium sulphate and filtered. The solvent was then removed from 
the filtrate under reduced pressure and the residue shaken with a mixture of 
diethyl ether (50ml) and hexane (50ml). The mixture was filtered, the solvent 
removed from the filtrate under reduced pressure and the residue shaken with a 
mixture of hexanezdiethyl ether (50ml, 9:1, by volume). The mixture was filtered 
and the solvent removed from the filtrate under reduced pressure to give the title 
compound (4.5g). 

1 H-NMR (CDCI 3 ): 6 = 0.55-0.7(m,8H), 1.3-1.45(m,2H), 4.6(s,2H) ppm. 



PREPARATION 156 
2,2-DiQyclopropylethanol 

To a solution of the compound of Preparation 155 (1g f 9.24 mmol) in 
tetrahydrofuran (15ml) under nitrogen was added 9-borabicyclo[3.3.1]nonane 
(18.5ml of a 0.5M solution in tetrahydrofuran, 1 mol. equiv.) and the solution 
stirred for 18 hours. Sodium hydroxide (3.08ml of a 3M aqueous solution, 1 moL 
equiv.) was added followed by ethanol (5ml). The reaction was cooled to 5°C 
and hydrogen peroxide (3.14ml of a 30% w/w aqueous solution, 3 mol. equiv.) 
added. The reaction was stirred at room temperature for 1 hour. 
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The reaction was partitioned between ethyl acetate (50ml) and water (50ml), the 
organic phase separated and dried using anhydrous magnesium sulphate. The 
solution was filtered and the solvent removed from the filtrate under reduced 
pressure to give an oil which was chromatographed on silica gel.eluting with 
diethyl ethenhexane (2:1, by volume) to give the title compound (160mg). 

'H-NMR (CDCb): 6 = 0.1-0.35(m,4H), 0.4-0.55(m,4H), 0.6-0.8 (m,2H), 1.65(t,1H), 
3.7(t,2H) ppm. 



PREPARATION 1«>7 

2-MethanesulDhonvloxy ethvlnvnlnprn pfl n? 

The title compound was prepared by a similar method to that used in Preparation 
13 except using 1.2 mole equivalents of triethylamine and 1 .3 mole equivalents of 
methanesulphonyl chloride. LRMS rn/z = 182 (m+NH 4 )*. 

'H-NMR (CDCU): 6 = 0.1-0.15(m,2H). 0.5-0.55(m,2H), 0.7-0.8(m, 1 H), 1.6- 
1.7(m,2H), 3.00(s,3H), 4.25-4.3(m,2H) ppm. 



PREPARATION! 

2.2-DicvclODropvl-1 -methanasi i lphonvloxvfith^ 

To a solution of the compound of Preparation 156 (1g, 7.9 mmol) in 
dichloromethane (20ml) at 5°C under nitrogen was added triethylamine (1.32ml, 
1.2 mol. equiv.) followed by methanesulphonyl chloride (0.67ml, 1.1 mol. equiv.) 
and the reaction stirred for 2 hours. The solution was concentrated under 
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reduced pressure and the residue partitioned between ethyl acetate (100ml) and 
water (100ml). The organic layer was separated, dried using anhydrous 
magnesium sulphate, filtered and the solvent removed from the filtrate under 
reduced pressure. The residue was chromatographed on silica gel eluting with 
diethyl ethenhexane (2:1 , by volume) to give the title compound (1 .5g). 

1 H-NMR (CDCI 3 ): 6 = 0.1-0.15(m ( 4H) f 0.2-0.3(m f 5H), 0.35-0.4(m,2H), 3.0(s,3H), 
4.15(d,2H) ppm. 

PREPARATION 159 

N-Methvlsulohamovl chloride 

To a solution of sulphuryl chtoride (35.7ml, 3 mol. equiv.) in acetonrtrile (30mi) 
under nitrogen was added methylamine hydrochloride (10g, 148 mmol) followed 
by acetonitrile (30ml). The reaction was heated under reflux for 20 hours. The 
reaction was cooled to room temperature and the mixture concentrated under 
reduced pressure to give the title compound (20.51 g) which was used without 
further purification. 

J H-NMR (CDCb): 6 = 3.0(d,3H), 5.7(s,br.,1H) ppm. 

PREPARATIONS 160 and 161 

The compounds of the following tabulated preparations were prepared by a 
similar method to that of Preparation 159 using sulphuryl chloride and the 
appropriate amines. 
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PREPARATION 1ff> 

Ten-butyl 6-bromohexanoate 

To a solution of 6-bromohexanoic acid (9g; 0.046 mol.) in dichlorpmethane 
(50ml) at -78°C was added fuming sulphuric acid (0.5ml). To this solution was 
added liquid isobutylene (50ml), dropwise. The reaction was allowed to warm 
to room temperature and stirred for 18 hours. 

The mixture was poured into ice-cooled saturated aqueous sodium carbonate 
solution. The mixture was extracted with dichloromethane (2 x 40ml), and the 
combined extracts washed with brine (40ml). The organic layer was dried 
using magnesium sulphate. The mixture was filtered and the solvent removed 
from the filtrate under reduced pressure to provide the title compound as a 
yellow oil which was used with further purification. TLC Rf = 0.25 (silica, 
methanol: dichloromethane, 1:9, by volume). LRMS m/z = 267.8(m+18) + . 

1 H-NMR (CDCI 3 ): 6 = 1.3-1.45(m,11H), 1.45-1.6(m,2H), 1.7-1.85(m,2H), 
2.15(t,2H), 3.35(t,2H) ppm. 



PREPARATION 163 

4-(2-BenzoxazolyQpioeridine 

A mixture of 2-aminophenol (20g, 183 mmol), isonipecotic acid (23.7g, 1 mol. 
equiv.) and polyphosphoric acid (50ml) was heated together for 2 hours with 
stirring. The reaction mixture was cooled, poured onto ice (400g) and solid 
sodium hydroxide (85g) added until the solution achieved pH8. The solid was 
filtered off, slurried in water (500ml) and filtered to give the title compound 
(4.5g). 
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A second crop of the title compound was obtained by extracting the above 
filtrate with dichloromethane (4 x 200ml). The combined organic extracts wen 
dried using anhydrous magnesium sulphate, filtered and the solvent removed 
from the filtrate under reduced pressure to give the title compound (9g). 

'H-NMR (CDCIa): 6 = 1.9-2.1 (m,3H), 2.15-2.3(m.2H), 2.8-2.9(m,2H), 3.1- 
3.3(m,3H), 7.3-7.35(m,2H), 7.5-7.55(m,1H), 7.7-7.75(m,1H) ppm. 



PREPARATION m 
1-Benzvl-4-ftert-hutoxvcarhnnvlfl mino^Dipflririi n ^ 

To a solution of 4-amino-l-benzylpiperidine (10g, 53 mmol) in dichloromethane 
(200ml) at 0»C was added di-tert-butyl dicarbonate (12.6g, 1.1 mol. equiv.) and 
the mixture stirred at room temperature for 16 hours. 

The crude reaction mixture was washed with 2% w/w aqueous sodium 
bicarbonate solution (300ml), dried using anhydrous magnesium sulphate and 
the solution filtered. Removal of the solvent from the filtrate under reduced 
pressure gave a beige solid which was purified by column chromatography on 
silica gel eluting with dichloromethanermethanol (95:5, by volume) to give the 
title compound (13.1g). TLC Rf = 0.3 (dichloromethanermethanol. 95:5. by 
volume). 

'H-NMR (CDCIa): 6= 1.35-1 .5(m. 11 H). 1.85-1.95(m,2H). 2.05-2. 15(m.2H). 
2.75-2.8(m.2H). 3.4-3.5(m.3H). 4.4(s,br..1H). 7.2-7.3(m,5H) ppm. 
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PREPARATION 165 

4-nert-butoxvcarbonvlaminotoiperidine 

To a solution of the compound of Preparation 164 (13.1g, 45.1 mmol) in 
ethanol (135ml) was added 10% w/w palladium-on-carbon (0.6g) and the 
mixture stirred under an atmosphere of hydrogen at 414 kPa (60 p.s.i.) for 16 
hours. After this time, a further 0.6g of the catalyst was added and the mixture 
stirred under an atmosphere of hydrogen at 414 kPa (60 p.s.i.) for a further 72 
hours. The reaction mixture was then filtered through a cellulose-based filter 
aid and the filtrate concentrated under reduced pressure to give a solid. This 
was triturated with diethyl ether (50ml), filtered and the solid obtained dried 
under reduced pressure to give the title compound (8.1g). 

1 H-NMR (CDCI 3 ): 6 = 1.15-1.3(m.2H). 1.35-1 .5(m,10H). 1.9-1.95(m,2H), 2.6- 
2.7(m,2H), 3.0-3.1 (m,2H), 3.5(s,br.,1H), 4.4(s,br.,1H) ppm. 

PREPARATION 166 

1-Benzvloxvcarb onvl-4-hvdroxvpiperidine 

To a solution of 4-hydroxypiperidine (4.2g, 41 mmol) in dichloromethane (50ml) 
at 0°C under an atmosphere of nitrogen was slowly added benzyl 
chloroformate (7.7ml, 1.3 mol. equiv.) followed by triethylamine (6.94ml, 1.2 
mol. equiv.). The reaction was stirred at room temperature for 15 hours. 

The reaction was washed with saturated sodium bicarbonate solution (2 x 
50ml) and the organic layer dried using anhydrous magnesium sulphate, 
filtered and the filtrate evaporated under reduced pressure to dryness. The 
crude product was purified by flash chromatography on silica gel eluting with 
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methanolrdichloromethane (1:20, by volume) to give the title compound (9.24g). 
TLC Rf = 0.68 (silica, methanolrdichloromethane, 1:10, by volume). LRMS m/z 
= 236(m+1)*. 

'H-NMR (CDCfe): 6 = 1 .35-1 .55(m, 2H), 1.75(m,1H), 1.8-2.0(m,2H), 3.1- 
3.2(m,2H), 3.8-4.0(m,3H), 5.15(s.2H), 7.35(s,5H) ppm. 

PREPARATION! 1R7 

1-Ben2vloxvcarbQn vl-f4-tert-butvloxv^DiDerirtinfl 

To a solution of the compound of Preparation 166 (9.24g) in cyclohexane: 
dichloromethane (120ml, 3:1, by volume) at 0°C under a nitrogen atmosphere 
was added t-butyl trichloroacetimidate (14.1ml. 2 mol. equiv.) and boron 
trifluoride etherate (0.8ml, 0.16 mol. equiv.). The reaction was allowed to warm 
to room temperature and stirred for 48 hours. 

The solvent was removed from the reaction by evaporation under reduced 
pressure. The reaction was taken up in ethyl acetate (50ml) and washed with 
saturated sodium bicarbonate solution (30ml). The aqueous layer was 
extracted with ethyl acetate (2 x 30ml). The organic layers were combined, 
dried using anhydrous magnesium sulphate, filtered and the filtrate evaporated 
under reduced pressure to dryness. The residue was then purified by flash 
column chromatography on silica gel eluting with methanolrdichloromethane 
(3:97 by volume), followed by flash column chromatography for a second time 
on silica gel eluting with methanolrdichloromethane (1:5, by volume). This 
gave the title compound (9g). TLC Rf = 0.56 (silica, 
methanolrdichloromethane, 1:20, by volume). LRMS m/z = 292 (m+1) + . 

1 H-NMR (CDCI 3 ): 6= 1.2(s,9H), 1.4-1.55(m,2H), 1.65-1.8(m,2H), 3.1- 
3.25(m,2H), 3.6-3.7(m,1H), 3.8-4.0(m,2H), 5.15(s,2H), 7.4(s,5H) ppm. 
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PREPARATION 168 

4-rrert-butvloxvtoiperidine 

The compound of Preparation 167 (8.41 g, 28.8 mmol) was dissolved in ethanol 
(100ml) and 10% w/w palladium-on-carbon (0.34g) added. The mixture was 
stirred under hydrogen at 414 kPa (60 p.s.i.) for 24 hours. The catalyst was 
filtered off and the solvent removed from the filtrate under reduced pressure. 
The resulting oil has purified by column chromatography on silica gel eluting 
with concentrated aqueous ammonia solution:methanol:dichloromethane 
(1 : 10:89, by volume) to give the title compound (2.48g). TLC Rf = 0.23 (silica, 
concentrated aqueous ammonia solution:methanol:dichloromethane 1:10:89, 
by volume). LRMS m/z = 158 (m+1) + . 

PREPARATION 169 

1 -rrert-bu toxvcarbonvn-3-( 1 -pioerazinvnazetidine 

Piperazine (23.69g, 8 mol. equiv.) was melted and 1-(t-butoxycarbonyl)-3- 
methanesulphonyloxyazetidine (see International Patent Application 
Publication no. WO93/19059) (8.64g, 34.4 mmol) added. The mixture was 
heated at 120° C for 15 hours under nitrogen. The reaction was cooled to room 
temperature and the excess piperazine removed under reduced pressure. The 
residue was then chromatographed on silica gel using gradient elution 
(methanol:dichloromethane 1:19 changing to 1:4, by volume) to give the title 
compound (6.32g). LRMS m/z = 242 (m+1) + . 



'H-NMR (de-DMSO): 6 = 1.35(s,9H), 2.4-2.5(m,4H), 3.0-3.1 (m,5H), 3.2-4.2 
(m,br.,5H) ppm. 
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PREPARATION! 

1-fTgrt-t?litoxY^r1?onvn-3-(4-mflthvl S ii»nhnn Y i r i p e ra 2 in-1-vn a7Q tiHino 

To a solution of the compound of Preparation 169 (8.06g, 21.3 mmol) in 
dichloromethane (160ml) was added triethyJamine (13.4ml). The solution was 
kept under a nitrogen atmosphere and cooled to 0°C. Methanesulphonyl 
chloride (5.25ml, 7.77g, 3 mol. equiv.) was added, dropwise, over 30 minutes. 
The reaction was allowed to warm to room temperature over 2.5 hours and then 
stirred for a further 18 hours. The reaction was washed with water (3 x 50ml) 
and then brine (2 x 30ml). The organic layer was dried using anhydrous 
magnesium sulphate. The mixture was then filtered and the solvent removed 
from the filtrate under reduced pressure. The residue was chromatographed 
on silica gel eluting with concentrated aqueous 

ammonia:methanol:dichloromethane (1:10:89. by volume). The product from 

this chromatography step was then column chromatographed again on silica 

gel eluting with methanol:ethyl acetate (1:10, by volume) to give the title 

compound (0.9g). TLC Rf = 0.6 (silica, concentrated aqueous ammonia 

solution:methanol:dichloromethane, 1 : 10:89 by volume). LRMS m/2 = 320 
(m+1)*. 

'H-NMR (CDCI 3 ): 6 = 1.4(s,9H), 2.45(t,4H), 3.8(s,3H), 3.1-3.2(m,1H), 3.2- 
3.3(m,4H), 3.75-3.8(m,2H), 3.9-4.0(m,2H) ppm. 



PREPARATION 171 
3-(4-BenzovlniDera2in-1-vlWi.rtert.hntny Ycarbonyl) a7fitiWin a 

To a solution of the compound of Preparation 169 (3.3g) in dichloromethane 
(70ml) at room temperature under nitrogen was added triethylamine (4.06ml) 
and benzoyl chloride (2.30ml). The mixture was allowed to stir at room 
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temperature for 16 hours. The reaction mixture was washed with water (3 x 
100ml) and brine (3 x 100ml), dried using anhydrous magnesium sulphate, 
filtered and the solvent removed from the filtrate under reduced pressure. The 
residue was column chromatographed on silica gel eluting with ethyl acetate to 
yield the title compound (2.3g). 



PREPARATION 172 

1 -(T ert-butoxvcarbonvl V3-(4-methvlcarbamovlDiDerazin-1 -vhazetidine 

To a solution of the compound of Preparation 169 (3.3g) in dichloromethane 
(70ml) was added methyl isocyanate and the mixture allowed to stir at room 
temperature for 72 hours. After this time, the dichloromethane was removed by 
bubbling nitrogen through the solution. The residue was taken up in 
dichloromethane (100ml) and washed with 10% w/w aqueous sodium 
bicarbonate solution (100ml) followed by brine (100ml). The organic layer was 
dried using anhydrous magnesium sulphate, filtered and the solvent removed 
from the filtrate under reduced pressure. The residue was chromatographed 
on silica gel eluting with dichloromethane:methanol (95:5, by volume) to give 
the title compound (1.8g). LRMS m/z = 299 (m+1) + . 



'H-NMR (CDCI 3 ): 6 = 1.40(S ( 9H), 2.25-2.35(m,4H), 2.8-2.85(m,3H), 3.0-3.1 
(m,1H), 3.35-3.4(m,4H), 3.75-3.85(m,2H), 3.9-3.95(m,2H), 4.4(s,br.,1H) ppm. 
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PREPARATION 17a 



1-(Tert-^gtQxvoarbonYl)-3'f4-methv»aminosulph n nvi n iDera2in-i-vn a 7atirtino 

To a solution of the compound of Preparation 169 (500mg, 2.07 mmol) in 
acetonitrile (5ml) under nitrogen was added triethylamine (0.43ml, 1.5 mol. 
equiv.). A solution of the compound of Preparation 159 (295mg, 1.1 mol. 
equiv.) in acetonitrile (2ml) was added, dropwise, and the reaction heated at 
90°C for 3 hours. The reaction was cooled to room temperature and the 
solvent removed under reduced pressure. The residue was partitioned 
between ethyl acetate (50ml) and water (50ml). The organic layer was 
separated and washed with brine (50ml), dried using anhydrous magnesium 
sulphate, filtered and the solvent removed from the filtrate under reduced 
pressure. The residue was chromatographed on silica gel eluting with 
methanohdichloromethane (1:19, by volume) to give the title compound 
(374mg). TLC Rf = 0.73 (silica, methanol: dichloromethane. 1:9, by volume). 
LRMS m/z = 335(m+1 )*. 

'H-NMR (CDCI 3 ): 6 = 1.4(s,9H), 2.4-2.45(m,4H), 2.7-2.75(m,3H), 3.1- 
3.15(m,1H), 3.25-3.3(m,4H), 3.75-3.9(m,4H), 4.15-4.2(m,1H) ppm. 



The compounds of the following tabulated Preparations of the general formula:- 



were prepared by a similar method to that of Preparation 173 using the same 
piperazine starting material together with the appropriate sulphamoyl chlorides 
(see Preparations 160 and 161). 



PREPARATIONS 174 and 17S 
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PREPARATION 17ft 



1-rr ? rt-t?gt9xvcart>onvn-3.f4-mBthoxv P in ft ririir,-i-yi^ r ar iw. n Q 

To a solution of the compound of Preparation 71 (1g, 4.12 mmol)Jn 
tetrahydrofuran (12ml) at 0*C under nitrogen, was added, in two portions, 60% 
w/w sodium hydride/ dispersion in oil (0.198mg, 1.2 mol. equiv.). After 30 
minutes stirring, methyl iodide (0.282ml, 1.1 mol. equiv.) was added and the 
mixture stirred for 16 hours. 

The solvent was removed under reduced pressure and the residue partitioned 
between ethyl acetate (50ml) and saturated aqueous sodium bicarbonate 
solution (50ml). The organic layer was separated and dried using anhydrous 
sodium sulphate. The mixture was filtered and the solvent removed from the 
filtrate under reduced pressure to give an oil. This crude product was purified 
by column chromatography on silica gel eluting with methanohdichloromethane 
(3:97, by volume) to give the title compound as a colourless oil (0.84g). TLC Rf 
= 0.2 (silica, methanohdichloromethane, 3:97, by volume). 

1 H-NMR (CDCI 3 ): 6= 1.4(m,9H), 1.55-1.7(m,2H), 1.8-2.0(m,2H), 2.0- 
2.15(m,2H), 2.55-2.65(m.2H), 3.0-3. 1(m,1H), 3.2-3.3(m,1H), 3.35(s,3H), 3.75- 
3.8(m,2H), 3.9-4.0(m,2H) ppm. 



The compounds of the following tabulated Preparations of the general formula:- 



PREPARATI ONS 177 and 17« 
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were prepared using a similar method to that of Preparation 176 using the 
same piperidinol starting material and ethyl iodide or n-propyl iodide, as 
appropriate, as the alkylating agent. 
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PREPARATION 179 

3-(4-Benzovloiperazin-1 -vOazetidine bistrif luoroacatate 

To a solution of the compound of Preparation 171 (2.3g) in dichloromethane 
(18ml) at 0°C under nitrogen was added trifluoroacetic acid (9ml), dropwise, 
and the mixture allowed to stir at room temperature for 1 hour. The solvent was 
carefully removed by evaporation under reduced pressure and the residue 
azeotroped with dichloromethane (3 x 20ml). The resulting oil was washed with 
diethyl ether (3 x 20ml). Ethyl acetate (50ml) was then added and the 
precipitate collected by filtration and dried to give the title compound (132mg). 
A second crop of the title compound (186mg) was obtained by concentration of 
the filtrate under reduced pressure to give an oil. This was triturated with 
diethyl ether and ethyl acetate and the solid obtained collected by filtration and 
dried to give the title compound (0.32g). 

1 H-NMR (de-DMSO): 6 = 2.3-2.45(m,4H), 3.3-3.7(m,5H), 3.8-4.05(m,5H), 7.3- 
7.4(m f 5H) f 8.65(s,br.,1H) ppm. 

PREPARATION 18Q 

3-(4-MethoxvcarbonvlPiperidin-1 -vhazetidine dihvdrochloride 

To a solution of the compound of Preparation 105 (7.5g, 19.81 mmol) in 
dichloromethane (100ml) at 0°C under nitrogen was added a-chloroethyl 
chloroformate (2.6ml, 1.2 mol. equiv.) and the reaction warmed to room 
temperature over 1 hour. Methanol (150ml) and potassium carbonate (8.2g, 3 
mol. equiv.) were then added and the reaction heated under reflux for 3 hours. 
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The reaction was cooled to room temperature, filtered and the filtrate acidified 
to pH3 with methanolic hydrogen chloride. The mixture was filtered and the 
solvent removed by evaporation under reduced pressure. The residue was 
washed with diethyl ether (3 x 100ml) and then triturated with diethyl ether to 
give a solid that was filtered off and dried to yield the title compound (5.1g). 
LRMSm/z = 199(m+1) + . 



PREPARATION ifij 

3-f4Tert-butoxvoarhonv^ 

To a solution of the compound of Preparation 106 (6.8g. 16.1 mmol) in 
dichloromethane (70ml) at 0°C under nitrogen was added alpha-chloroethyl 
chloroformate (1.91ml, 1.1 mol. equiv.) and the mixture stirred at room 
temperature for 1 hour. After this time, the solvent was removed by 
evaporation under reduced pressure, the residue dissolved in methanol (80ml) 
and potassium carbonate (4.9g, 2.2 mol. equiv.) added. The mixture was then 
heated under reflux for 1 hour. The reaction mixture was cooled to room 
temperature, filtered and the filtrate acidified to pH5 by the dropwise addition of 
trifluoroacetic acid. The solvent was removed under reduced pressure to give 
a gum which was triturated with diethyl ether to give a solid. This solid was 
collected by filtration and dried under reduced pressure to give the title 
compound as a crude product that was used directly. 
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PREPARATION 182 

5fS>-5-r3.4-Dichlo roDhenvn-1-(4.4-difluorocvclohexvlmethvn-5- 

n.3-dioxolan-2-vlmethvn-2-piP9ridone 

To a stirred mixture of dimethyl sulphoxide (50ml) and potassium hydroxide 
(2.1g) at room temperature under nitrogen was added a solution of the 
compound of Example 123(b) (3g, 9.1 mmol) in dimethyl sulphoxide (50ml) 
followed by the compound of Preparation 1 1 (3.1g) and the mixture stirred at 
room temperature for 16 hours. Water (300ml) and brine (300ml) were added 
and the mixture extracted with ethyl acetate (3 x 300ml). The combined organic 
extracts were washed with brine (300ml), dried using anhydrous magnesium 
sulphate, filtered and the solvent removed from the filtrate by evaporation 
under reduced pressure. The residue was chromatographed on silica gel 
eluting with a solvent gradient of ethyl acetate:hexane (1:1 changing to 7:3 
changing to 4:1 changing to neat ethyl acetate) to give the title compound 
(3.3g). LRMS m/z = 462 (m+1) + . 



1 H-NMR (CDCb): 6 = 1 .3-1 .45(m,2H), 1.6-1.95(m,6H), 2.1-2.2(m,6H), 2.4-2.55 
(m,1H), 3.2-3.3(m,1H), 3.4-3.5(m.2H), 3.65-3.75(m,3H), 3.85-3.95(m,2H), 4.3- 
4.35(m,1H), 7.1-7.4(m,3H) ppm. 
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PREPARATIO NS 183 tn 1fifi 



The compounds of the following tabulated Preparations of the general formula:- 



(* asymmetric centre) 

were prepared by a similar method to that of Preparation 182 using the 
appropriate piperidone (see Example 123(b) and Preparation 193) and the 
appropriate mesylate starting materials for Preparations 183 and 184 and the 
appropriate bromide starting materials for Preparations 185 and 186. 
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PREPARATION 187 



Sfgl-S-fS^-DiphlorQph^^^ 

A solution of the compound of Example 123(b) (280mg, 0.85 mmol) in 
tetrahydrofuran (3ml) and 5N aqueous hydrochloric acid solution (3ml) was 
stirred at room temperature under nitrogen for 4 hours. The reaction was 
poured into a mixture of ethyl acetate (20ml) and saturated aqueous sodium 
bicarbonate solution (20ml). The organic phase was separated, dried using 
anhydrous magnesium sulphate, filtered and the solvent removed by 
evaporation under reduced pressure to give the title compound (283mg) which 
was used without further purification. TLC Rf = 0.26 (silica, 
methanohdichloromethane, 1:9, by volume). 

PREPARATIONS 188 to 191 
The compounds of the following tabulated Preparations of the general formula:- 



(* asymmetric centre) 

were prepared by a similar method to that of Preparation 187 using the 
appropriate dioxolane starting materials (see Preparations 183 to 186). 
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Analysis/'H-NMR 


i 


'H-NMR (CDCI 3 ): 6 = 0.1-0.25(m,4H), 0.35- 
0.5(m,4H), 0.55-0.7(m,3H), 2.1-2.3(m,3H), 2.35- 
2.5(m,1H), 2.7-2.75(m,1H), 2.9-2.95(m,1H), 
3.15-3.25(m,1H), 3.6-3.9(m,3H), 7.1-7.45 
(m,3H), 9.5(m,1H) ppm. 
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PREPARATION 1Q9 
4fR)-4-Cvano-4-(3.4-dichlorophenvl>-5-n.3-d.oynl a n-2-vhDentan-1-oi C aniri 

The filtrate taken from the fractional crystallisation of the (S)-(-)-alpha- 
methylbenzylamine salts of 4(R)- and 4(S)-4-cyano-4-(3,4-dichlorophenyl)-5- 
(l,3-dioxolan-2-yl)pentan-1-oic acid (see Example 123(a)) was evaporated to 
dryness under reduced pressure to provide a solid (800g). This solid was 
dissolved in methyl ethyl ketone (31) and water (300ml) by heating under reflux. 
Further methyl ethyl ketone (1 1) was added and the mixture cooled. A pure 
seed crystal of the required compound was added. No crystallisation occurred. 
The solution was therefore reduced to half-volume by evaporation under 
reduced pressure. The mixture was left to stand for 72 hours to provide a solid 
which was filtered off and washed with methyl ethyl ketone (2 x 200ml). This 
white solid was dried at 35 °C for 3 hours under reduced pressure and then 
dissolved in methyl ethyl ketone (1.51) and water (165ml). The solution was 
heated under reflux for 1 hour. Methyl ethyl ketone (700ml) was added and the 
mixture again seeded with the required compound and left to stand for 56 
hours. The resulting solid was filtered off and washed with methyl ethyl ketone 
(2 x 100ml), then dried under reduced pressure at 35 °C for 4 hours to give the 
(S)-(-)-alpha-methylbenzylamine salt of the title compound (133g). HPLC 
(Ultron ES-OVM column, mobile phase = 0.01 M KH 2 P0 4 buffer at pH 6.6 : 
acetonitrile, 92:8, by volume, flow rate = 1ml/min.) showed this salt to be 
present in 98.4% e.e. 

This salt was converted to the title compound by a similar method to that 
described in Example 123(a) for its enantiomer. 



'H-NMR (CDCI 3 ): 6 = 2.05-2.35(m,4H), 2.4-2.65(m,2H), 3.7-4.0(m,4H), 4.75- 
4.85(m,1H), 7.25-7.55(m,3H), 9.9(s,br.,1H,acid) ppm. 
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PREPARATION 193 
^ (R)-R-ra4-DichloroDhenvn-5-M.3-dioxolaP -P-vlmethvn-2MHVDiDeridone 

The title compound was prepared by a similar method to that used in Example 
123(b) except the compound of Preparation 192 was used as the starting 
material. 

1 H-NMR (CDCb): 6 = 1.85-1.95(m,1H), 2.0-2.25(m,4H), 2.35-2.4(m,1H), 3.45- 
3.55(m,1H), 3.65-3.75(m,2H), 3.8-3.9(m,3H), 4.35-4.4(m,1H) f 6.15(s,br.,1H), 
7.2-7.45(m.3H) ppm. 
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1 . A compound of the formulae- 




CD 



or a pharmaceutically acceptable salt thereof, wherein 

R is C3-C 7 cycloalkyl, aryl or C,-C e alkyl, said d-C 6 alkyl being optionally 

substituted by fluoro, -COOH, -COO(C,-C 4 alkyl), Ca-C/ cycloalkyl, 

adamantyl, aryl or het 1 , and said C3-C7 cycloalkyl being optionally substituted 

by 1 or 2 substituents each independently selected from C1-C4 alkyl, C3-C7 

cycloalkyl, C1-C4 alkoxy, hydroxy, fluoro, fluoro(C,-C 4 )alkyl and fluoro(C,- 

C 4 )alkoxy; 

R 1 is phenyl, naphthyl, thienyl, benzothienyl or indolyl, each optionally 
substituted by 1 or 2 substituents each independently selected from C1-C4 
alkyl, C,-C 4 alkoxy, halo and trifluoromethyl; 

R 2 is -C0 2 H, -CONR 3 R 4 , -CONR 5 (C 3 -C 7 cycloalkyl), -NR^Ca-Cs alkanoyl), 
-NR 3 R 4 . -NR 5 CONR 5 R 6 , (C3-C7 cycloalkyl-C,-C4 alkyl)R 5 N-, (C 3 -C 7 cycloalkyl- 
C,-C 4 alkyl) 2 N-, -NR 5 COCF 3 , -NR 5 S0 2 CF 3 , -NR 5 (SO a C,-C 4 alkyl), 
-NR 5 S0 2 NR 5 R 6 , -NR 5 (S0 2 aryl), -N(aryl)(S0 2 C,-C 4 alkyl), -OR 5 , -0(C 3 -C 7 
cycloalkyl), -S0 2 NR 5 R 6 , het 3 or a group of the formula:- 
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R 3 and R 4 are each independently selected from H and C1-C4 alkyl optionally 
substituted by hydroxy, d-C 4 alkoxy, -S(0) p (Ci-C 4 alkyl), amino, -NH(Ci-C 4 
alkyl), -N(Ci-C 4 alkyl) 2 or het 2 ; 

R 5 and R 6 are each independently selected from H, d-C 4 alkyl and C3-C7 
cycloalkyl-Ci-C 4 alkyl, said Ci-C 4 alkyl and C3-C7 cycloalkyl-Ci-C 4 alkyl being 
optionally substituted by fluoro; 

R 7 is H, Ci-C 4 alkyl, hydroxy, fluoro(C r C 4 )alkyl or phenyl, said phenyl being 
optionally substituted by 1 or 2 substituents each independently selected 
from d-C 4 alkyl, fluoro(Ci-C 4 )alkyl, halo, d-C 4 alkoxy and fluoro(Ci- 
C 4 )alkoxy; 

R 8 is H, fluoro, hydroxy, C1-C4 alkoxy, C2-C5 alkanoyl or C2-C5 alkanoyloxy; 
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R° is -NR 5 R 6 , -NR 5 COR s , -NR 5 S0 2 CF 3 , -NR 5 (S0 2 C,-C 4 alkyl). 
-NR 5 S0 2 NR s R 6 , -NR 5 COO(C,-C 4 alkyl), -NR 5 CONR 5 R 6 , -NR 5 (S0 2 
morpholino), -NR s (S0 2 aryl). -N(aryl)(S0 2 C,-C4 alkyl) or a group of the 
formula:- 



— NR 5 S0 2 N^CH2) r 



X is C1-C4 alkylene; 

X I is a direct link or Ci-Ce alkylene; 
X 2 is a direct link, CO, S0 2 or NR s CO; 

W is methylene, CO, CH(OH), C(OH) 2 , CH(C,-C 4 alkoxy), CHCO.H. 
CHC0 2 (C,-C 4 alkyl), CHCONR s R 6 , CHF, CF 2 , CH(a2etidin-1-yl), 
CH(pyrrolidin-l-yl). CH(piperidin-l-yl), CH(morpholino), CH(benzoxazol-: 
yl), CHR 9 , O, S(0) p , NR 5 , NiCrCr cycloalkyl), NS0 2 (O-C 4 alkyl), 
NS0 2 NR 5 R 6 ,NS0 2 CF 3 . NS0 2 (morpholino), NS0 2 (aryl), 

NS^N^CHj),. f 
NCONR 5 R 6 , NCOR 5 . NCO(aryl) or NC0 2 (Ct-C 4 alkyl); 

W 1 is methylene, CO, CH(OH). C(OH) 2 , CH(C,-C 4 alkoxy), CHC0 2 H. 
CHC0 2 (C,-C 4 alkyl), CHCONR 5 R 6 , CHF, CF 2 , CH(azetidin-l-yl), 
CH(pyrrolidin-l-yl), CH(piperidin-l-yl), CH(morpholino) or CHR 9 ; 



W 2 is W\ -CH2W 1 -, -CHaWCHz- or -CH 2 CH 2 WCH2-; 



m is 0, 1 or 2; 
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n is 1 or 2 when W is other than methylene and is 0, 1 or 2 when W is 
methylene; 

p is 0, 1 or 2; 

q is 1 or 2; 

r is 1 , 2, 3 or 4; 

"aryr, used in the definition of R, R 2 , R 9 and W, means naphthyl or phenyl, 
each optionally substituted by Ci-C 4 alkyl, halo, -OR 6 , fluoro(Ci-C 4 )alkyl, Cjr 
C 5 alkanoyt, -CONR 5 R 6 , -S0 2 NR 5 R 6 or phenyl; 

M het 1w , used in the definition of R, means thienyl or a 5- or 6-membered ring 
heteroaryl group containing either 1 or 2 nitrogen heteroatoms, or one 
nitrogen heteroatom and one oxygen or sulphur heteroatom, each optionally 
substituted by 1 or 2 substituents each independently selected from C r C 4 
alkyl, Ci-C 4 alkoxy, halo, fluoro(Ci-C 4 )alkyl and fluoro(Ci-C 4 )aikoxy; 

"het 2 ", used in the definitions of R 3 and R 4 , means a 4- to 7-membered ring, 
non-aromatic, heterocyclic group containing 1 or 2 heteroatoms each 
independently selected from nitrogen, oxygen and S(0) p , said group being 
optionally C-substituted by 1 or 2 substituents each independently selected 
from Ci-C 4 alkyl, C,-C 4 alkoxy and fluoro(Ci-C 4 )alkyl, and said ring nitrogen 
heteroatom optionally bearing a H f Ci-C 4 alkyl, C 2 -C 5 alkanoyl, -CONR 5 R 6 or 
-S0 2 NR 5 R 6 substituent; 
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and "net 3 ", used in the definition of R 2 , means an optionally benzo-fused, re- 
linked, 5-membered ring heteroaryl group containing from 1 to 4 nitrogen 
heteroatoms, optionally substituted, including in the benzo-fused portion, by 
1 or 2 substituents each independently selected from C,-C 4 alkyl, fluoro and 
fluoro(C,-C 4 )alkyl. 

2. A compound as claimed in claim 1 wherein 

R is C,-C 6 alkyl optionally substituted by -COOH, -COO(C,-C 4 alkyl), C r C 7 
cycloalkyl, aryl or net 1 , said cycloalkyl being optionally substituted by 1 or 2 
substituents each independently selected from d-C 4 alkyl and fluoro; 

R 1 is phenyl optionally substituted by 1 or 2 halo substituents; 

R 2 is -CONR 3 R 4 . -CONR 5 (C 3 -C 7 cycloalkyl), -NR 3 R 4 , het 3 or a group of the 
formula:- 




where R 3 and R 4 are each independently selected from C,-C 4 alkyl and C,-C 4 
alkyl substituted by hydroxy or C,-C 4 alkoxy, R 5 and R 6 are each 
independently selected from H, C,-C 4 alkyl optionally substituted by fluoro 
and C3-C7 cycloalkyI-C,-C 4 alkyl, R 7 is H, hydroxy or phenyl, R 8 is hydroxy or 
C 2 -C 5 alkanoyloxy, W is methylene, CH(OH), CH(C,-C 4 alkoxy), CHC0 2 H, 
CHC0 2 (Ci-C 4 alkyl), CH(benzoxazol-2-yl), CHNR S R 6 , CHNR 5 COR 5 , 
CHNR 5 (S0 2 C,-C 4 alkyl), CHNR 5 COO(C,-C 4 alkyl), O, S(0) p , NR 5 , NS0 2 (C 1 - 
C 4 alkyl), NS0 2 NR 5 R 6 , NS0 2 (morpholino), NCONR 5 R 6 , NCOR 5 , NCO(aryl) or 
NC0 2 (Ci-C 4 alkyl), n is 1 or 2 when W is other than methylene and is 0 or 1 
when W is methylene, and p is 0,1 or 2; 
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and X, X 1 , X 2 , m, aryl and net 3 are as previously defined in claim 1 . 

3. A compound as claimed in claim 2 wherein 

R is Ci-C 6 alkyl optionally substituted by -CCXDH, -COO(Ci-C 4 alkyl), C3-C7 
cycloalkyl optionally substituted by 1 or 2 substituents each independently 
selected from C1-C4 alkyl and fluoro, phenyl optionally substituted by 1 or 2 
substituents each independently selected from C1-C4 alkyl, halo, C1-C4 
alkoxy, fluoro(Ci-C 4 )alkyl, C2-C5 alkanoyl, -S0 2 N(Ci-C 4 alkyl) 2 and phenyl, or 
a 5- or 6-membered ring heteroaryl group containing 1 or 2 nitrogen 
heteroatoms; 

R 1 is phenyl optionally substituted by 1 or 2 substituents each independently 
selected from fluoro and chloro; 

R 2 is -CONR 3 R 4 , -CONR 6 (C3-C7 cycloalkyl), -NR 3 R 4 . a N-linked, 5-membered 
ring heteroaryl group containing 1 or 2 nitrogen heteroatoms, or a group of 
the formula:- 

R 5 v R 7 q v 



where R 3 and R 4 are each independently selected from methyl and C1-C4 
alkyl substituted by hydroxy or methoxy, R 5 and R 6 are each independently 
selected from H, methyl, tr'rfluoromethyl and cyclopropylmethyl, R 7 is H, 
hydroxy or phenyl, R 8 is hydroxy or acetyloxy, W is methylene, CH(OH), 
CHOCH3, CHOCH 2 CH 3 , CHO(CH 2 ) 2 CH3, CHOC(CH 3 ) 3 , CHC0 2 H, 
CHC0 2 CH 3 , CHC0 2 CH 2 CH 3 , CH(benzoxazol-2-yl), CHNH 2 , 




or 
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CHNHCH 2 (cyclopropyl), CHNHCOCH,, CHNHS0 2 CH 3( CHNHC0 2 C(CH 3 ) 3 , 
O. S(0) p , NH. NCH 3 , NCH 2 (cyclopropyl), NSOaCHa, NS0 2 NH 2 , NS0 2 NHCH 3l 
NS0 2 N(CH 3 ) 2 , NS0 2 (morpholino), NCONH 2 , NCONHCH 3 , NCOCH 3 , 
NCOCF 3l NCO(phenyl) or NC02C(CH 3 ) 3 , n is 1 or 2 when W is other than 
methylene and is 0 or 1 when W is methylene, and p is 0, 1 or 2; 

and X, X 1 , X 2 and m are as previously defined in claim 2. 

4. A compound as claimed in claim 3 wherein 

R is C,-C 6 alkyl optionally substituted by -COOH, -COO(C,-C 4 alkyl), Ca-C 7 
cycloalkyl optionally substituted by 1 or 2 substituents each independently 
selected from methyl and f luoro, phenyl optionally substituted by 1 or 2 
substituents each independently selected from methyl, fluoro, chloro, 
methoxy, trifluoromethyl, acetyl, -S0 2 N(CH 3 ) 2 and phenyl, or pyridinyl; 

and R\ R 2 , X, X 1 , X 2 and m are as previously defined in claim 3. 

5. A compound as claimed in claim 4 wherein 

R is 5-carboxypentyl, 5-tert-butyloxycarbonylpentyl, cyclopropylmethyl, 
dicyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, 
2-methylcyclohexylmethyl, 4,4-difluorocyclohexylmethyl, 2-cyclopropylethyl, 
2,2-dicyclopropylethyl, 1-cyclohexylethyl, 2-cyclohexylethyl, cycloheptyl- 
methyl, benzyl, 2-methylbenzyl, 3-methylbenzyl, 4-methylbenzyl, 4- 
fluorobenzyl, 2,4-dichlorobenzyl, 3-methoxybenzyl, 2-trifluoromethylbenzyl, 
3,5-di(trifluoromethyl)benzyl, 3-acetylbenzyl, 3-(N,N-dimethylsulphamoyl)- 
benzyl, 4-phenylbenzyl, 1-phenylethyl, 2-pyridinylmethyl, 3-pyridinylmethyl 
or 4-pyridinylmethyl; 
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R 1 is phenyl, 3,4-dlfluorophenyl, 3-chlorophenyl, 4-chlorophenyl or 3,4- 
dichlorophenyl; 

R 2 is N-(2-methoxyethyl)-N-methylcarbamoyl, N-cyclohexylcarbamoyl, N-(2- 
hydroxyethyl)-N-methylamino, N-(2-hydroxy-2-methylpropyl)-N-methylamino, 
N-(2-methoxyethyl)-N-methylamino, imidazol-1 -yl, 3-hydroxypyrrolidin-1 -yl, 
piperidin-1-yl, 2,6-dimethylpiperidin-1-yl, 3-hydroxypiperidin-1-yl, 4- 
hydroxypiperidin-1-yl, 4-methoxypiperidin-1-yl. 4-ethoxypiperidin-1-yl, 4-(n- 
propoxy)piperidin-l-yl, 4-(t-butoxy)piperidin-1-yl, 4-carboxypiperidin-1-yl, 4- 
methoxycarbonylpiperidin-1-yl, 4-ethoxycarbonylpiperidin-1-yl, 4- 
(benzoxazol-2-yl)piperidin- 1 -yl, 4-aminopiperidin-1 -yl, 4-cyclopropy I- 
methylaminopiperidin-1-yl, 4-acetamidopiperidin-1-yl, 4-methane- 
sulphonamidopiperidin-1-yi, 4-(t-butoxycarbonylamino)piperidin-1-yl, 
morpholino, 2-phenylmorpholino, homomorpholino, thiomorpholino, 1- 
oxothiomorpholino, 1,1-dioxothiomorpholino, piperazin-1-yl, 4- 
methylpipGrazin-1-yl, 4-cyclopropylmethylpiperazin-1-yl, 4-methane- 
sulphonylpiperazin-1-yl, 4-aminosuiphonylpiperazin-1-yl, 4-methylamino- 
sulphonylpiperazin-1 -y I, 4-dimethylaminosulphony Ipiperazin- 1 -yl, 4- 
morpholinosulphonylpipera2in-1-yl, 4-carbamoylpiperazin-1-yl, 4-N- 
methylcarbamoylpiperazin-1 -yl. 4-acetylpiperazin-1 -yl, 4-trif luoroacetyl- 
piperazin-1 -yl, 4-benzoylpiperazin-1 -yl, 4-(t-butoxycarbonyl)piperazin-1 -yl, 
pyrrolidin-1-ylcarbonyl, piperidin-1-ylcarbonyl, 3-oxomorpholino, 3-hydroxy- 
8-azabicyclo[3.2, 1 ]oct-8-yl or 3-acetyloxy-8-azabicyclo[3,2, 1 ]oct-8-yl; 

X is ethylene or propylene; 

X I is a direct link; 

X 2 is a direct link or CO; 



and m is as previously defined in claim 4. 
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R is cyclopropylmethyl, dicyclopropylmethyl, 2-cyclopropylethyl, 2,2- 
dicyclopropylethyl. cyclohexylmethyl, 4,4-difluorocyclohexylmethyl, 
cycloheptylmethyl or benzyl; 

R 1 is 3,4-difluorophenyl. 4-chlorophenyl or 3,4-dichlorophenyl; 

R 2 is 4-aminopiperidin-1-yl, 4-carboxypiperidin-1-yl, 4-hydroxypiperidin-1-yl, 
morpholino. 1-oxothiomorpholino, 4-aminosulphonylpiperazin-1-yl, 4- 
methanesulphonylpiperazin-1-yl, 4-methylaminosulphonylpiperazin-1-yl, 
4-morpholinosulphonylpiperazin-1 -yl, 4-fluoropiperid«n-1 -yl, 4,4- 
drfluoropiperidin-1-yl, 4-oxopiperidin-1-yl, 4-(pentafluorophenylsulphonyl)- 
piperazin-1-yl and 4-(4-fluorophenylsulphonyl)piperazin-1-yl; 

X is ethylene; 
X 2 is a direct link; 
m is 1; 

and X 1 is as previously defined in claim 5. 



7. 



A compound as claimed in any one of claims 1 to 6 wherein X is -CH 2 CH 2 - 
and which has the (S)-stereochemistry at the position of attachment of the X 
and R 1 groups to the lactam ring. 
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(i) R is cyclopropylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is morpholino, X is 
-CH2CH2-, X 1 is a direct link and m is 1; 

(ii) R is 4,4-difluorocyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 
morpholino, X is -CH2CH2-, X 1 is a direct link and m is 1 ; 

(iii) R is 4,4-difluorocyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
aminopiperidin-1-yl. X is -CH2CH2-, X 1 is a direct link and m is 1; 

(iv) R is cyclopropylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
aminosulphonylpiperazin-1-yl, X is -CH2CH2-, X 1 is a direct link and m 
is 1; 

(v) R is 4,4-difluorocyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
hydroxypiperidin-1-yl, X is -CH2CH2-. X 1 is a direct link and m is 1; 

(vi) R is 2-cyclopropylethyJ, R 1 is 3,4-dichlorophenyl, R 2 is morpholino, X is 
-CH2CH2-, X 1 is a direct link and m is 1 ; 

(vii) R is 2-cyclopropylethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
methanesulphonylpiperazin-1-yl, X is -CH2CH2-. X 1 is a direct link and 
m is 1; 

(viii) R is cyclopropylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4-fluoropiperidin- 
1-yl, X is -CH2CH2-, X 1 is a direct link and m is 1; 

(ix) R is 4,4-difluorocyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
oxopiperidin-1-yl, X is -CH 2 CH 2 -, X 1 is a direct link and m is 1; 
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(x) R is cyclopropylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
carboxypiperidin-1-yl, X is -CH 2 CH 2 -, X 1 is a direct link and m is 1; or 

(xi) R is cyclohexylmethyl, R 1 is 3,4-dichlorophenyl, R 2 is 4- 
carboxypiperidin-1-yl, X is -CHaCHg-, X 1 is a direct link and m is 1: 

or any such compound with the (S)-stereochemistry at the position of 
attachment of the X and R 1 groups to the lactam ring, or a pharmaceutically 
acceptable salt of any thereof. 

9. A pharmaceutical composition comprising a compound of the formula (I), or 
a pharmaceutically acceptable salt thereof, as claimed in any one of claims 1 
to 8, together with a pharmaceutically acceptable diluent or carrier. 

1 0. A compound of the formula (I), or a pharmaceutically acceptable salt or 
composition thereof, as claimed in any one of claims 1 to 8 or 9, 
respectively, for use as a medicament. 

11. The use of a compound of the formula (I), or of a pharmaceutically 
acceptable salt or composition thereof, as claimed in any one of claims 1 to 
8 or 9, respectively, for the manufacture of a medicament for the treatment of 
a disease by producing an antagonist effect on a tachykinin acting at the 
human NK t , NK 2 or NKa receptor, or a combination thereof. 

12. The use as claimed in claim 1 1 where the disease is an inflammatory 
disease such as arthritis, psoriasis, asthma or inflammatory bowel disease, a 
central nervous system (CNS) disorder such as anxiety, depression, 
dementia or psychosis, a gastro-intestinal (Gl) disorder such as functional 
bowel disease, irritable bowel syndrome, gastroesophageal reflux, faecal 
incontinence, colitis or Crohn's disease, an urogenital tract disorder such as 
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incontinence, hyperreflexia or cystitis, a pulmonary disorder such as chronic 
obstructive airways disease, an allergy such as eczema, contact dermatitis 
or rhinitis, a hypersensitivity disorder such as poison ivy, a peripheral 
neuropathy such as diabetic neuropathy, neuralgia, causalgia, painful 
neuropathy, a burn, herpetic neuralgia or post-herpetic neuralgia, cough or 
acute or chronic pain. 

13. A method of treatment of a human to treat a disease by producing an 
antagonist effect on a tachykinin acting at the human NK 1f NK2 or NK3 
receptor, or a combination thereof, which comprises treating said human with 
an effective amount of a compound of the formula (I) or with a 
pharmaceutical^ acceptable salt or composition thereof, as claimed in any 
one of claims 1 to 8 or 9, respectively. 

14. A method as claimed in claim 13 where the disease is an inflammatory 
disease such as arthritis, psoriasis, asthma or inflammatory bowel disease, a 
central nervous system (CNS) disorder such as anxiety, depression, 
dementia or psychosis, a gastro-intestinal (Gl) disorder such as functional 
bowel disease, irritable bowel syndrome, gastro-oesophageal reflux, faecal 
incontinence, colitis or Crohn's disease, an urogenital tract disorder such as 
incontinence, hyperreflexia or cystitis, a pulmonary disorder such as chronic 
obstructive airways disease, an allergy such as eczema, contact dermatitis 
or rhinitis, a hypersensitivity disorder such as poison ivy, a peripheral 
neuropathy such as diabetic neuropathy, neuralgia, causalgia, painful 
neuropathy, a burn, herpetic neuralgia or post-herpetic neuralgia, cough or 
acute or chronic pain. 

15. A compound of the formula: 



(a) 




o 
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where R, R 1 and m are as defined in claim 1; 



(b) 



Rp >< ^Co-C 3 alkylene)CH=N^> — X^R 2 



OH 
(IDA) 

where X 1 , R, R 1 , R 2 and m are as defined in claim 1; 

(c) 

^ R 2 



R r > S X ~ N ^ Xl 

hn^xch^ (xn) 



wherein X, X 1 , R\ R 2 and m are as defined in claim 1; 

(d) 



(XIV) 
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where R 10 is a group of the formula: 
-NZV, (C3-C7 cycloalkyl-Ci-C 4 alkyO^N-, 



— X 2 — 



J (CHi)„ 



-n vr 
\ / 



— NR^C^N^Nv^ 



-N^OV lA orCH 2 W lA ) , _ N ^]>-R 9A or — N Q^)— R 9A , 

Ft 9 * is -N^R 5 . W* is NZ 4 or CHN^R 5 . W ,A is CHNZ*R 5 , W 2 * is W 1A . 
-CH 2 W 1A -, -CH 2 W A CH 2 - or -CHaCHaW^Ha-. X. X 1 , X 2 , R. R 1 , R 4 , R 5 , R 6 , 
R 7 . m and n are as defined in claim 1 and Z 4 is a protecting group; 



(e) 



r j><^- n C^ x - n 5}^ 0 ^ 



r-' N ^ (CH 2>m 



where Z 5 is a protecting group and X, X 1 , R, R 1 and m are as defined in 
claim 1; 
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(0 



^NH (CH 2 ) m C0 2 H 

I 

(XVI) 



(g) 



where X, X 1 , R, R 1 , R 2 and m are as defined in claim 1 except those 
where R 2 is -C0 2 H, R is C,-C 6 alkyl substituted by -COOH, W is 
CHC0 2 H or W 1 is CHCO z H; 



R 



n , 

NH (CH^COZ? 



(xvn) 



where X, X', R, R 1 , R 2 and m are as defined in claim 1 except those 
where R 2 is -C0 2 H, R is C,-C 6 alkyl substituted by -COOH, W is 
CHC0 2 H or W 1 is CHC0 2 H, and Z 6 is a leaving group; 
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r Jx^- n O- z7 



(xvm) 

where X, R, R 1 and m are as defined in claim 1 and Z 7 is a leaving 
group; 




O 

(XIX) 

where X, R, R* and m are as defined in claim 1 ; 



R\^X— N / ^> — X*R 2 



(XX) 

where X, X 1 , R, R 1 , R 2 and m are as defined in claim 1 except those 
where R 2 is -C0 2 H, R is d-C 6 alkyl substituted by -COOH, W is 
CHC0 2 H or W 1 is CHCOgH, and R 11 is an ester-forming group; 
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(k) 



(CH 2 )„,C0 2 R n 
(XXI) 



where X, X 1 , R 1 , R 2 , R 11 and m are as defined for a compound of the 
formula (XX) in part Q) of this claim; 



(I) 



r j><^- n C>-" x - r 

O 



(xxn) 

wherein R 12 is 



R V< R7 

-_ X 1_ N ™B , -/ ^ , _NR*S0 2 <Vb , 
>— (CH 2 ) n > ' V 

R 

— N^(W lB orCH 2 W lB ) or — \)^) — ^ 

wherein W 8 and W ,B are CHZ 8 , W 28 is W 1B , -CH 2 W 1B -, -CH 2 W B CH2- or 
-CH 2 CH 2 W B CH 2 -, Z 8 is a leaving group, and X, X 1 , X 2 , R, R\ R 5 , R 6 , 
R 7 , m and n are as defined in claim 1 ; 
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CH 2 2? 

R^s^^X — NHCH 2 CH -X-R 2 

T 

(xxm) 

wherein X, X 1 , R, R 1 , R 2 and m are as defined in claim 1 and Z 9 is a 
leaving group; 



or(n) 



l 1 \.X-N^> — X— R 2 



CH=CH 2 



(XXIV) 



wherein t is 0 or 1 and X. X 1 , R, R 1 and R 2 are as defined in claim 1. 
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1 6. A compound as claimed in claim 1 of the formula:- 



(i) 



or a 



pharmaceutical^ acceptable sail thereof, wherein 
R is C.-C alky. op.lona.ly substituted by fluoro. C,-C 7 cyc.oa.kyl. adamanlyl, 
aryi or het , said cycloalkyl being oplionaily substituted by 1 or 2 substltuents 
each mdependently selected from C.-C. alky,, c,-C 4 a.koxy. hydroxy fluoro 
fluoroCC-C, alkyl) and fluorofC.-CJalkoxy; 

s R e,i Ph rt e , ny ' 8UbS, " Uted 6y 1 " 2 subs ~ each independenuy 

selected from C,-C, alkyl. C,C, alkoxy, halo and tril.uorome.hyi, or is 
naphthyl or thienyl; 

H- IS -CO,H, -CONRW, -CONH(C,-C 7 cycioalky,). -CON(C,- C< a,ky,)(C,-C 
cyc.oa.ky,,. -nh^-C, a,kanoy.,. -NfC-C. a,ky,)<C,-C s aikanoyl). -nr'r* ^ 
or a group of the formula:- 
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R 3 and R 4 are each independently selected from H and C,-C 4 alkyl optionally 
substituted by hydroxy. 0,-0, alkoxy, -S(0) p (C r C 4 alkyl), amino, -NH(C,-C 4 
alkyl), -N(C,-C 4 alkyl) 2 or het 2 - ; 

R s and R 6 are each independently selected from H and C,-C 4 alkyl; 

R 7 is H, C,-C 4 alkyl, hydroxy, fluoro(C 1 -C 4 )alkyl or phenyl optionally 
substituted by 1 or 2 substituents each independently selected from C,-C 4 
alkyl, halo. C,-C 4 alkoxy and fluoro(C,-C 4 )alkoxy; 

R 8 is H, fluoro, hydroxy, C,-C 4 alkoxy, C 2 -C 5 alkanoyl or C 2 -C 5 alkanoyloxy; 
X is C,-C 4 alkylene; 
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W is methylene, CH(OH). CH(C,-C 4 alkoxy), CHF. CF„ CHNH(C,-C alkyl) 

ChZ^T' CH( ~^- -<—-,-;. CH^S, 
CHNH( Cj -c s alkanoy.), CHN(C,-C 4 elkyl)(C s -C 5 alkanoyl). CHNHSO (C -c 
a-kyi, CHN.C.-C. a,M)( SOl( C,^ alky,». o. S{ 0 V NH. N( c,.c 2S" 
NSO,<C,-C 4 afkyl). NSO,NH„ N SO, N „ (C ,.C 4 a,kW. NS 0 2 N<C -C 4 JJ. 

:zz:z:i c ' c ' a,m - ncon<c - c < 

m is 0 or 1; 

n is 1 or 2 when W is other than metbyfene and is 0. 1 or 2 when w ,s 
methylene; 

P »s 0, 1 or 2; 

sub!.',?!,? me de " n '"° n °' K mSanS naPh,hyl ° r « *><" oP«ona, ly 

2? T " SUbS "' ,Uen ' S 8a0h '"^P— «V -footed 

alky., ha,o. C,-C 4 aikoxy, .luoro(C,.c 4 )alkyl, fluoro.C-C^alkoxy, c,-c 5 ' 

SOnIT^ • CONH(C '^ -">• -CON( C ,-C 4 a, M ), 
-S0 2 NH(C,-C 4 alky,). -SO s N(C,.C 4 alkyl), and phenyl; 

l e lo' in de "' n,U ° n °' meanS 3 5 " ° r 6 —^red ring he.eroary. 
group oon,a,n,ng ei.her 1 or 2 „ ltro gen heferoa.oms. or one nitrogen 
heteroatom and one oxygen or sulphur heteroatom; 

•net*", used In the definitions o, R> and R<. me ans a 4- to 7-membered ring 
non-aromatlc. heterooydio group oontelning 1 or 2 he.eroatoms each 
.ndependentiy seleoted from nitrogen, oxygen and S(0,„ said group being 
op„ona„y C-substituted by 1 or 2 substituents each independently selected 
from c,-c 4 alkyl. C,-C 4 alkoxy and fluoro(C,-C 4 ,alky,. and said ring nitrogen 
heteroatom optionally bearing a H. C.-C, alkyl, C,-C 5 alkanoyl. -CONH 
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-CONH(C,-C 4 alkyl), -CONfC^C, alkyl) 2 , -S0 2 NH 2 , -S0 2 NH(C,-C 4 alkyl) or 
-S0 2 N(C,-C 4 alkyl) 2 substituent; 

and "net 3 ", used in the definition of R 2 , means a N-iinked, 5-membered ring 
heteroaryl group containing from 1 to 4 nitrogen heteroatoms and optionally 
substituted by 1 or 2 substituents each independently selected from C,-C 4 
alkyl and fluoro(C 1 -C 4 )alkyl. 
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